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Foreword 



Computers, with time, are continuing to have a 
significant impact on our lives. This impact i^ becoming 
evident in the field of education, eq)ecially in the areas of 
instruction and administration* Concomitant with the aboye 
trends there is a growing need forois to have access to 
relevant information on the possible s^^ces computers can 
render in education, ^ ^ f 

The Department of Education is pleakd to make 
available^ thin publication. Its intent is to provide te^iers^d 
administrators with information about potential u^s of 
computers, . * 

I am, therefore, pleased to recommend this report to all 
who may wish 'to learn more about computers and their 
services* 

At this time I would like to acknowledge with 
appreciation the efforts of all those who participated in its 
preparation. 





The Honourable Ben Hanuschak, 
Minister of Education. 
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Preparation of the Report 

This report was developed in three ijhases. In the first 
phase the authors interviewed thiirtyH)ne people to ascertain 

* computer information needs of educators. In the second 
) phase they conducted an extensive 'correspondence with 

* educational institutions to receive information about their 
computer projects. In the third phase 'they researched 

' ' availafcfle library resources and wrote the report. 
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Introduction / 

Too olten people think of ^^computers as *giant brains'^ capable pt 
unlimited, awe-inspiring feats. Although it is true that the computer can 
perform computations incredibly quiclcly, it would be an idle, useless piece 
of machinery if there wore no one to tell it what to do. The computer is, in 
fact, a *high-speed Idiot'; It cannot tlii'nk. It must be told exaetly what to. do 
in a.precise, step-by-step sequence of instructions formulatecLby a human 
being. The value of the computet lies in its tremendous speed and unfailing 
accuracy. Whereas human beings tend to become careless in performing 
tedious, repetitive tasks, a computer can perform its assigned tasks 24 hours 
a day, Tdays a week with no loss of efficienqr. ' 

The computer has extended our capacity to *do intell^ent work, 
enabling us to solve problems more quickly, with less drudgery, and with 
greater accuracy* The rfesultis a much-improved ability to discovier, create, 
build, solve and think that will affect how we study, work, and live our 
everyday^lives. 

Today computers play a key role in sciefice, government and industry* 
Many, banks use computers to speed the handling of cheques and 
(^automatically maintain ''bank accounts. Every major airline uses" a^ 
computerized reservation system to maintain up-to-date information on all 
<, its flights and allow passengers to reserve seats within seconds by telephone. 
Man could ifot have' landed on the moOn without the computer's help to 
guide his spacecraft. In Toronto a computer controls nearly all the city's 
traffic lights to keep ;^raffic flowing- smoothly • The Federal Government is 
the largest user of computers in the country. Everyone is aware of at least 
one of its computer applications *~ the automatic processing of income tax 
rd;ums. These are jusf a few of the ways computers are being used today. 
New computer applications are being developed daily and computers are fast 
becoming indispensjble. There are at present over 4,000 computers 4n 
Canada. This number Is expected to reach 20,000 by 1980 with a total 
investment in computer systems of 12''biliion dollars. ^ 

Computers have been with us for only a very short time — * about 25 
years ^vyet they have abready had a prof ounii effect on our lives. Probably 
no single 4nachine has had a^ much, influence on us, yet is more 
misunderstood, than the computer. Why is this so? Why do so many myttis 
and misconceptions about computers prevail among the general public? 

Probably the^most widely held misconception about the computer iS 
that it can think — that it has a mind of its own. The computer is only able 
to do complex comput^ations and make simple decisions, l^et it couM do 
neither of these if some person had not given it explicit instructions to cover 
any situation that might arise. Thus the computer is no more effective than 
the, person telling it what to do. 

, Are computers dehumanizing? Are we being reduced to mere numbers 
for the convenience of the computer? Too often computers have been used 
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y(i an unfeeling way, increasing our frustration ajuTour suspicion of them^ 
^This need not be^ With a minimum of extra effort the computer can be made 
to communicate with people in a more *human' way. 

Are cqgiputers .putting people out of work? Although fewer people will 
be needed for routirie tasks wljtich aie better done by computer, many new 
computer-related joba have emerged. Extensive retrainuig will be requiriSi for 
people to take advantage of these opportunities, \ 

Is the computer a threat to our freedom? With the advent of large 
computerized data banks, is vital information concerning our lives an ojpen 
book to ^ any person with access to these computer files? Even now, 
employers, banks, and government officials have access to personal 
information on us- This informatioi^ may influence our credit rating or 
jeopardize our chances to get a particular job. Unless very strict rules are 
enforced as to who may access computer files, these fears may actually 
become a reality / • ^ 

In this report we shall attempt to answer some of the questions the 
layman might ask about the computer and its role in education. What is a 
computer? What can it do? What can't it do? How does it work? How can it 
help the administrator? the teacher? |the'student? We will try to answer these 
questions in clear, non-t^jchnical lari^age witjfa minhnum of jargon and a 
maximum of examples. " \ 



' Part I 



' How Computers Work 

• • What is a Computer? • 

* A computer is essentially any device for processing information. In this 
report we sliall only consider the electronic stored-program computer. The 

)^operations of this type of computer are carri^ oujt electronically rather than 
tt^echanically; This computer also has the a|;)iUty to store and retrieve 
inf9rmatioit. It stores not only the data upon Which it is to operate but also 
the "set of instructions that it must follow to solve the problem/ Whereas a 
calculating "toachine must be given new instructions at .each step ih-*a 

* probl6in, an electronic computer pierfotms each st4p auto'maticolly under the 
confeol of ite stored *program^" ^ 

Two terms are frequently encountered in any discussion of computers. 
One of these is hardware. It refers to the pbysical equipment and electronic 
circuitry that niake up a computer. The other „term is so//^M;are which refers 
to the pjro,grams within the computer that make it opemte effectively. These 
are the. instructions written by human beings that tell the computer what to 
do. To rinder^tand computers we must ;have some 4cnowledge of both 
hardware and softWiorer Let us look at hardware first 

Five (!^oinponents of a Computer 

Every computer system from the desk- top minicomputer to the large 
research model occupying ah, entire floor of a building has five 'basic 
. fimctional compoii^nts. They ate: 



• 1. Input 

2* p Output 

^ . 3. Arithmetic/Logic 

* - 4. Storage . 

5. Control. , , ' 

They represent the five logically distinct tasks to be performed in a 
computer system, but a great variety of physical^quipment could be chosen 
to accomplish each one. * . 

The heart of a computer systein is the Central Processing Unitl or CPU 
as it is usually called. It consists of three sections: storage, arithmetic/logic, 
and control/ The' storage unit (^memory*) i§ the place where the data and, 
programs are stored. The arithmetic/logic unit perform^ addition^ 
subtraction, multiplication, division, and also logical operatioJis such as^ 
comparisons. Tiie control wnrt co-ordinates the activities of the other four 
units, and causes the instructions that make up ar program to be executed. 
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The computer first needs tq 'read in^ the programs andldata with which 
It wUI be wkmg. This is accomplished by the input unit^men the results 
nave been obtained they must be 'written out' by the output mUma form 
which human beings can Understand. / . , 

• The relationship between these five components is iUustrated by*the 
lOllowm.g diagram: • . " 

CENTRAL PROCESSING UNIT - 



INPUT 
UNIT 



1- 



'ARITHMETIC UNIT 



^' , CONTROL UNIT 



I 



STORAGE UNIT-'. , 



We will now discuss,each unit in more detail. 



OUTPUT 
UNIT 



Input . , " . . ' " > 

Perhaps the most common form of input to a computer system is th^ 
punched card. The card is divided into 50 vertical columns eaclf of which fs 
used to represent a single character. \Vithin each column- there are 12 
positions where holes can be punched in a coding structure • known as 
HoUerith codmg, after its' inventor who first used it for the United States 
Ci^sus of 1890. . , ' ' 

V When all the information- has been t)unched into cards by the use of a 
keypunch machine, the complete card deck is loaded into a cgrd reader The 
card reader can sense the position of the holes in each card electronically and 
send the resulting pulses to the Central Processing Unit (gPU). A typfcal card 
reader can process 500 cards per minute. - ' 

Another device operating on the sam^ principle is the paper tape reader 
Information can be codedlas a series of holes on a continuous paper'tape and ' 
sensed in the same way^as the holes on puijched cards. ■ ' l^. ■ ' 
y Both of these devices operate very" slowly compared to the speed at 
which the CPU can accept infoi;mation. A more efficient input device is the 
magnetic tap& drive. Data can be recorded on ipagnetic tape -ifl the form of 
coded magnetised spots. The spots can'be .packed very closely on the tape - 
usually 800 characters per inch,for a total of 20 million characters on &Teel * 
of tape. ^ - ^ . ' ^- ' 

- All of the above inpixt methods 'have' a serious drawback Usihg a 
machme with a typewriter-Hke -keyboard,- a .typist transforms the> 
information m the source document into holes, in cards or paper tape, or to 
spots on magnetic t^pe. This • operation ■ of . dafa preparation is 
time-consuming and prpne to error. - • > , 



What we need ate methods of cpimnunicatibn which ate convenient to 

„ ' meti, rather than to the computer. Surely the funetidh of the computer i§ to 
cause .le$s worK for man, rather than more* One ihpuf device providing the 

- desired flexibility is Utte typewriter terminal It consists of a keybcTard very« 
^imitat to an ordinary electeic typewritier plu* the electronic circuitry, to . 
convey each keystroke into signals to the CPU. The user types his 
instructions and data and the computer print$ its r^ly on the same sheet of ' 
pape^r.'; We will have more to say^ter in this report about the potential pf 
this terminal for instruction. ^ / * > 

There are also several ^es of input devices capably of sensing marks 

<^ made directly on cariJs.or paper. A card reader can be modified to sense 
pencil marks, inslteid of holes, pn q>ecially designed pAliZ (Optical hfyitk\ 
Redder) cards. ^These, cards are particularly advantageous for student xise 
sihci^ they eliminate the need, for a keypunch/'Therel are. ot|ier devices 
fi^quently usied for test sco^jng, which can read and process entire pages pf 
pencil marks. Banks make widespread use of devices that read characters 
writteli in magnetib ink, such as on personal ^cheques. Finally « readers are 
available which process 'typewritte|i%or even hand-written documents. The 

\ characte^ must be in predesignated areas and care&lly formed. This form of 

direct character recognition is still a^ coitoplex'and expensive form of input. 

■ ■ • . ... ;, ■. ■ ^ . ■ " * - ■ ■ . . ^ • 

Output ^ 

fl ' The reports and data generated, by the CPU are most commonly 
conveyed to the uselr'^by a line printer Hi^i speed printers are capable of 
printing up to 2,000 lihes per^mihute von a continuous paper form. Special 
forms such as pay cheques or ii^oicea can be used if desired. If the output i$ 
' to be used J^ter as input for another pro-am, it can be pultiched into cards 
r by a card punchy or written onto magnetic tape by the same magnetic tape ^ 

unit discussM earlier. ^ > - . . . ^ a 

I A plotter can be operated under computer control to produce charts, 
^ graphs, and drawings. The^rcomputer can use « an audio response Unit 
i construct spoken messages firbm a small vocabiUai^r^of pre-recorded words 
\ and phrases. For example,* stock madcet quota^ons could be produced and 
\ sent out by telephone without himan interventi^^ 

#e have already mentioned that a typewriter ^t^ 
. output device. However, it is noisy and rathef slow. The Cathode Ray Tuh4 
(pRT) is an output device which overcomes these problems^ A CRT terminal 
is similar in appearance to^a television screen and can d&play characters, 
digits, lines, graphs, and so on. It also includes a key|»oard^ f^r 
communicating with the computer. An additional featuie available with 
some .CRT's is ?iiight pen. It can be used to pofnt to a specific locatioii on 
the' 'screen — for example, to choose a^response to a multiple thoice 
question, or even to draw a praph. ^CRT*s have the advantages of fes£, quiet* 
operation aaid excellent display capabilities. However, they do not provide a i 
permanentrecord Chard copyOv V ^ , ^ 
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IlitenudRepi«sentationofiiifonnatira^ ^ ^ v 

^ * i'2f 9.®"^.^ocessing Unit consists essenlially bfi complex aetv^ork* 
circuits. An electronic circuit is a two-state^ device (either 'on' ' 
or Ofn. thus^it can represent a^difeit m the binVy system C^jase two). While/ 

digits 0 throijgh ^,:thel.inary syst^^uSs ^nly 
^r^^^^P'*'' ^' symbplizeid by 0 and 1. SuccW nmnbera' 
.from nght to_ left, represent increasing powers of 2 gather, than powers of ao/ 
sThus thg b^number HlOllO r no units (2 q), one two 

four (2^]& no. eights (23), one° sixteen (2^), one thirty-two (25) 

o .^^^^'Z ■ / ■'-Biiwiy.'/.'.. . '"^ 

» -'^^lin^ ! ^^i?^^ =(4xi6) + (ix25.);H-(lx24)H-(6;23) 

- .,,100 + IQ .= + 8; ;+ (1x22) + (1x2) + 0 



= 64+32v«-".i6 + 4 +£2 



• 2"^? principle no'diffeisent ifa either system, as 
m the foBowing example: qf addition: T - . ' 

. ^^ 118 , - ^ • ■ ■ mono i 

" . ^ . 25 . ■. . . 11001 ■ :• ' 

, .This notation is very conveniently represented by electronic circuity 
and so is used >y most compiiter manufacturers to stdre and manipulate 
anthtoetic quantities inside t>»e Centrdl.JProcessingcUpit. Compute]^ are also 
^ abler-to reprfe^nt npn-numeric information in ierms of bits. Theye are a 
number of ^coding schemes which can reptesent the letters of thg alphabet 
specid^ symbols ^uch. as,$ and +, and the chWtets 0 through a.^Each 
character .is assignee^ a., unique combination of bits, and this, coded 
information can !b(e handled easUy by tlie CPU* . ' ' \ « 

. ^^^^ ^ ^^"^^ 'etriive informatibn is what 'makes the 

comt)uter somethmg; more than an ultra-fkst calculating machine. Most * 
cpmputer^pplications^do not .involve comp^^^^ scieiigfic calculations 
( timber , crunehmg') but rather the processing of We quantities of 
non-numqric information. Recent technological advances such ^ lasers 
sup^conductivity,.and micro^miniaturization of electronic circuits promis^ 
^i^mg increases in the speed^ancl. capacity of the computer's storage > 

The instructions and data currently in use must be stored and retrieved 
very rapidly by the GPI?. The type' of storage usetf for this is calSd S 
^store^e ^^ -operates at very high speeds. Th% access fjme required ti> find 
any .specified piece of information is measured" in microseconds, (one 
microsecond =. one millionth of a sec(md)- or-even in nonoseco/ids, (one 
nanoseprad = one thousandth ' of a microsecoAd) . Computer systems require ' 



far Wore storage than main storage can provide, however, so there are also 
auxiliary 'storage cfeuices/ Atacfliary storage devices* can hold much more ^ 
infonnation but access times are much slower,' ranging &om a millisecond 
(one'piousandth of a second) to several minutes. * ' ^ 

Main S<|prage , f» * ^ ^ • 

the information held fn main storage is encoded into combinations' 
*pf 0 and 1 bits,. Most computers use^corc storage to .represent the bits. Large 
y huml>ers of tiny doughnut-shaped cores made of magnej;ic* material are 
strung qn a grid of fine wires. The magnetism in each core can be in one of 
two ' states, ^d ihe ,wires are used to detect or change that state. Cdres are' 
grouped into words containing from 12 to 80 bits, depending* on- the 
computer model, and each word can be manipulated as a unit. Computer 
\ ^ memories range in size from a few thousand to severe million words, and 
coi^itute a major proportion of the computer's cost: 

The . important characteristic! of main storage is that each wor4. is 
'addressable^ that is, a unique numeric address is associated with each. The 
imtructicms 1^ the computer refer to specific locations by number and 
' enable iisto iBad the information stored tiiere any nimiber of times without ' 
altering it. However, when we write information at a location the old value ^ . 
stored there isuost. For this reason the word 'memory*, sithoUgh frequently * 
usiDd, is inappropriate for describing the storage unit of a compijiter since ' 
only the most recent information is retained. This isi another uiifortunate " 
anthropomorphic term, along ivith 'read', 'write', 'electronic brmit', which 
causes people to errbneously ascribe human capabilities to .an ^inanimate * 
machine. ' ' 

Auxiliaiy Storage > 

The magnetic tape drive, which was previously described, can also b§ 
used as an auxiliary storage device. Information is organized^sequentially 6n 
the tape in groups of related data called recordsrFot example, a record could 
. consist of bH the information about one student. To find a particular record 
on the tape requires that all records must pass the read/write head until the 
correct one is reached. This may take several minutes. Most business and 
administrative applications such as payrolls process the data in a fixed oitief, 
so this sequential access A& convenient/In many other ^applications we want ' 
. the capability tc^ seek ^t a record directly without; reading any others first. 
This is called random or direct access. Two direct access storage devices Jai^^ 
^ common use are the magnetic disk and magnetic drum: . / • ■ 

A magnetic disk pack consists of 6 or more disks coated with magnetic^ 
\ material ancA looks somewhat like a stacks of -plfonograph records, 
information ik stored as magnetized spots arraiiged in concehtric tracks on 
the surfaces al the disks. Each surface hps its own read/write head on a 
moveable arm,^A^d|^fe drive keeps the didc p^ck in constant rotation at a 
speed of about 1550 revolutions per minute. Information ;^y;where on the 
disk pack can be accessed within mill&econds by moving the read/write head 
tp the correct track and waitmg for the data to spin by. 

The magrietid drum operates on similar prmcipleis but at even higher 
speeds. Information is stored in parallel tracks on th^ surface of a cylinder 
coated with magnetic material. As. the drum spins it passes beneath fixed 
read/write heads. The amount of information onihe drum is fairly small but 
it can be stored or retrieved very quickly, <^ v 
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In deciding which auxiliary storage device to use we must reach a 
(sompromise among three factors — cost, speed of access, ^d storage 
capacity; As in all things, you get what you pay f«, so that the faster access 
speed you demand, the less capacity thfe device will have and the more it is 
gomg to cost. A inedium or large^ale computer will usually have multiple 
tape, disk, arid (km^ units v^^ile small systems will usually have only one 
type of auxiliary |||||ge. \\ 

Control Uttif 

The -co^^trol unit must supervise and co-ordinate the operation of the 
, other foiir units of the computer. It directs the input unit to accept 
mfoymatioi^ and' move it to the storage unit; it directs thecfiu^ut unit to 
fetch mformatiori from storage and ^display it on any requested^ output 
« device. Under the direction of the cdntiol unit, the arithmetic/logic unit 
copies iiumbers firom main storage, performs arithmetic operations on them, 
^ and stores t^e results for later use. <\ 

The sequence of instructions i/pWeh '&e computer must foUdW to 
p^orm.a specified task or to solve a problen^ is known as a program and is 
drawn u^^ by a computer programmer. The instructions a computer can 
recognise dirfwjtly make up its machine language. Each type of machme has a 
umque language/ . , 

. ^ The^tructions making up a program are , first loaded into main 
storage, aiia the control unit is given the location of the first instruction. The 
cohtrol unit then fetches each instruction from storage, decodes it, and 
causes it tb .be executed by issuing appropriate commands to the other four 
imits. Ongnarily the instructions are *executecl in sequence but" some 
u^tructions cause a lt)ranch or transfer to janother location in-.the program. 
This perniits> subsets of the instructions to be coded Qtice and then repeated 
as many times as necessary^ * . ^ 

Aiithmetic/Logic Unit ' " . ^ i " " • ^ 

Every computer lias a set of machine language instructions which can 
be executed by the circuitry in the arithmetic/logic unit. These pre-wired 
instructions include ^simple arithmetic operations on numbers,^ moving 
^formation to imd from the storage unit, and comparing or testing two 
quantities* Each operation takes a few microsecoiids orless— thus a typical 
computer can perform one million operations per seconds The number of 
budtin instrubtions ranges from a dozeji:to 200 or more depending upon the 
design of thfe machine.^ The computer is only able to taclde a problem whose 
solution c^ be reached by, a series of these basic operations. 

" ' ■ . * - ^ : , , ■ 

' ' ' / Computer Languages o ,.< * , 

In order to communicat!^ with a computer, man must write- his 
instruQtioris in a* lajiguage the computer can understand. Many such 
languages have beeadeveloped^each with its own grammar, punctuation and 
vocabulary. However, the only type of program the cornputer can execute' 
mrectty is one written in its machine language. Programs written in any other 
la^iguage must be conveited into equivalent machine lanniage instructions by . 
a program .called a transfator. . . • ' ^ ' 

. We will first discuss* how programs are Vntten in a machine. language ^ 
and then mention some 6f the widely useii progrwnmmg languages. 



l^chine langiiage 

To illustrate the principles involved let us look at some simplie machine 
language instructions for a hypothetical computer called SPECTRE.2 
V Every Instruction has two parts an operation code telling which 
operation is to be performed, and an operand which specifies a location in 
main storage to be used in ijie operation. 



OpemtioiiCodf 



\ j- cc 



! WWW 



I 
I 



Operand 



All arithmetic operations are carried out using a special location in the 
arithmetic/logic unit, called the accumulatoK We assume our main storage 
has 1,000 locations numbered 000 to 999. 

We will consider only six instructions: ^ • . 

(WWW is a number between 000 and 999) ■ 

Imttlfctioii ' Mesiiing 

lOWWW \ Cleat the accumiUator and copy in 
: pontents of storage location W\^ 

[ llWWW ' Copy the contents of the accumulator intor 
• stiwrage location WWW/ ^ * • 

20WWW ^ Add the content? of location WWW to the 
^ dccun^ulator* 

30WWW . Read a'jximiber from a card and stb^ it at 
locatioriWWW. . A 

SXWWW! Print the cpnfents of location WW 

40000 Stop (no oi^rand required). . 

Here is how jve would program the SPECTRE computer to read two 
numbers^frbm punched cards, add them together, and print the res 

InstnictiQii ' t ^ Bxplsaitiim 

30187 / Read a number and store it at location 187. 

R^adythe next number and store it at . v 

wcaiaon 188. 

,/-■'. * ■ ' ' 

Clear ithe accumulator and cjopy the number 
^location 187. / 

Add th^numbe]^ at location 188 to the 
accimiulator. / ' 

Copy the number in the accumulator into 
location 189. . ^ 

Print out the number at location 189* 
Stop. ^ ' ' ' ' 





11189 



311^9 
40000 



4^ ypu can see programming in machine language ^ c^ 
and time-tconsuming. Clerical errors are frequent innce the programmer must 
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keep track of the addresses wHere the data is stored (187, 188 and 189 in 
our example) and must be completely familiar with the numeric operation 
codes. V 



Assembly tankage ^ • ^ 

People quickly realized that coding a large program such as a pajrroU 
entirely, in machine language is an almost impossible task. For that reason 
simple languages called assembly langudkes were invented to lef^^the 
computer take over most of the ^bookkeeping'. In an assembly language we 
substitute easily remembered letter "combinations called mnmionics for the 
numeric operation codes and use symbolic names instead of numeric 
addresses. A special 1^e/of toanslator called an a$sembler can translate th^e 
symbolic mstructions into machine instructions. 

In the case of our hypothetical machine language we cotild use the 
foUowing mnemonic operation codes: ' » * ' * 



Key 

CLear and Add to the accumuli^tor. 
SJCWe the accumulator. 

ADD to the accumulator. 

* - • '. 

INPut a mmiber. 
OUTput a number. 
SToP. , ^ \ / " 

We also use symbolic names like A, B, SUM to .refer to storage 
locations. Our assembly progrsim for adding two nlunbers appears on the 
left, and the corresponjcfing machine language instructions prodticed by the 
translator program appejur on the ri^t, gs follows: \ 

V ■ - 



Mnemonic 


Numeric 


Operation . 


Operation 


Code 


Code 


CLA 


.10 


STO 


11 


ADD 


20 


INP 


30 ^ 


OUT 


31 


STP 


40 



Assembly 




Machine 


INP A 




30008 


INPB 




30009 


gl/a 




10008 


ADBB 




20009* 


STO SUM 


a 


11010 


OUT SUM 




31010 


STP 




40000 £ 



Assembly languages are much simpler to^read and understand but they 
are still at a low level of sophistication and are generally* used only by 
experienced programmers. Each machine instruction myst havie its assembly 
counterpart on a one-to-one basis» so there is no reduction in the number of 
instructions to be written. The pro^ammer niust still be very familiar with 



the d(^tailed functioning of a particular con^puter and the entire program 
must be re-written for any other make or model. 

^ These restrictions led 'to 'the development of *high-level* languages 
which are easier to learn and more convenient to lise, and are not dependent 

qn the type of computer, ♦ 

* ■ ^ ... 

Higli-Level Languages ^ * • / 

Each high-level language has a well defined set of rules^ vocabidaiy , and 
punctuation that must be used in writing programs. To use this language on a 
particular computer^ we must provide a translator program called a compi/er 
to translate statements in the high-level language into the machine language 
of , that * computer. Compiler . programs are usually provided by the 
manufacturer as part of the compiler software. - ' 

There are two widely used pi^dgramming languages cwhich together 
account for perhaps 80% of all the programs ever written. The rules for these 
languages, are wdl standardized and compUerslor<them are available on most 
general purjjpse computers. 

The first of these is called FORTRAN (FORmula TRANslation) and 
was developed to aid scientists and feni^eers in mathematical computations. 
ItsK arithmetic statements closely resemble algebraic notation. 

For example, the formula 

xi ^ —h^yy/h^ — 4ac 



V 2a 

become!^ * • 

X(l)==(-B + SQRT(B**2-4*A*G))/'(^^ ' 

ing * f 01^ multiplication, ** for exponentiation and / for division. 

FORTRAN has efxtensive mathematical and scientific capabilities and is 
often the language taught in introductory cdmjguter courses^ " 

COBOL (COmmon Business. Oriented Language) is the stanctard 
language for commercial iind bushless applications, such as jSiayroU and 
accounting pro^ramsv Its statements are written in a sjub^et of English i^d 
convey some meaning even to those not trained'in the language. Consider a 
tjrpical statement from a pajncoll program: ^ m , *' * / 

IP HOURS'-WORKED IS GREATER THAN 40.0 THEN GfO TO 

OVERTIME-SECTION. . ^ 

(> . •. ti • , . ■ ■ 

Less widely available is a language called PL/1 (Programming Language 

One), which combines tome of the better features o;f FORTRAN and 

COBOL. It is the closest thing yet to a 'universal* language since it is-equally 

suited to both business and scientific applications. It has som^ very powerful 

features; for this reason its compiler programs, are extremely complex and 

hot as frequently used* 

Many other computer languages are in existence, but fihey are either for 

special purposes or else not widely distributed. 



(:■ 



Running a Program 



Wlia| happens when w *nin\a p^^ 

ThbJbomplete prograin is first punched into cards and loaded into the 
card reader. A special first caqi tells the computer what language is being 
used; for example FORTRAN. The computer must load the FORTRAN 
compiler program into ma\n storages &nd then load the user*s $ource program 
als(>. The compiler program now takes over and translates each FORTRAN 
statement into tho equivalent machine language statements. As it does so the 
compUer also checks for errors in the source program anfa prints a diagnostic 
message for each error so the programmer can correctjit* If no errors are 
found this translation phase ends, and the exegution phase can begin. The 
compiler program and source program are no longer needed and only the 
machine language program -~ the object program — is kept in main storage. 
The instructions in the object program are now executed one at a time, and 
the cdmptxter readi^ in data when requested by the program and prints out / 
the results. The following diagram shows what happens: 




Translator 
Prognm 
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Translation Phase 



Resufts 



1^ Executfdn 
Phase 
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Preptriiig a problem for Computer Solution 

' •> 

, Not all problems are suitable for solution on a compute^ We must fij^t 
define thp problem precisely and decide whether there is a detailed 
step-by-step procedure for finding the solution. Such a step7by-step 
procedure is known as m algorithm. We must specify each step in complete 
detail so that the computer neveir^has any doubt about what to do next, 

^ A larfee problem may include a number of complicated algorithms, and 
it is usually easjier to represent each algorithm by a diagram called a 
flowchart Flowcharts enable us to visualize the logical d^Jcisions involved in 
any kind of process. A flowchart makes it easier to spot eirrors in logic and it 
provides a° convenient means of conmaunicating the solution to others* A 
flowcharl; for an everyday task like running a bath is shoira on the following 
page. Rectangular boxes represent actions, diamond-shaped boxes represent 
logical decisiQns to which the answer is either YES or NO, and .the arrows 

show the logical sequence. , * 

A coriiputer can make 'logical decisions* --- those whose answer is either 
YES or NO — but only by comparing two numeric values. We must be abl^r 
to quantify all variables in the program — that is, assign numeric values or 
else the computer cannot^'manipulatq them at all.. ^ 

, ^After we are satisfied with oilr flowchit, the next step is to write a 
cbmputer pro-am using whatever programming language is most efficient ^ 
and convenient. We must then run the program on the computer using test , 
data to check that it works correctly in all possible situations The eiror 
checking facilities'^ in the compiler will detect errors in the use of the 
language but cannot check for logical errors* If the program gives incorrect 
answers or if there are certain circumstances we forgot to allow for, tfien the 
program ijaust ^ revised and rerun until all the 'bugs* are removed. This 
procedure is called de&ujlffin;^. * *^ f , \ 

If the program is one we intend to keep and refuse frequently then yfe 
(Mi document the i>rogram* This means we will have to write a set of notps 
describing tlie overall purpose of the program, the details of the algb?^thin;\ 
samples of input and output* and complete instructions on the use of the 
program* This information is indispensable if the program is to be modified 
at some later date. The importance of complete dbcumentation espec^ali: 
fpr complex businesi^ applications' cannot be overstressed* 

Batch Processing 

Most computer centres use what is known as batch procesj^ing. 
Programs to be run are grouped together and submitted to the computer to 
be processed consecutively without intervention by the computer^pp^tor. 
The computer automatically controls the transition from trai 
to execution phase for each job, and then from one job to 
correct compiler is provided automatically by the computer. 

Batch processing generally has a card reader for input arid a liiie printer 
jfor output; it is especially suited to large volumes of input/ouiput./However, 
the time- between handin^icjhe cards to* be mn and finally receiving the 
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printed output can be quite long *-from a few minutes to 24 hours or mdm 
because all the jobs in the same batch must be finished before anyone gets'''' 
any output. Jobs using a lot pf computer tune may be held back until the 
computer is less busy • 

These restrictions can be tolerated in a business environment where a 
tight schedule is adhered to but can be very frustrating to a person 
developing a new program. Consider a programmer's firustration when lie 
waits 24 houi^ only to find his program would not work because he left out 
'a comma somewhere! It can easily take 10 or 20 such runs before his 
program works correctly. ^ > 

Time-Sharing . 

These drawbacks motivated the development of an entirely new way of 
;^^il5ing computers ^ time-sharing. A large time-shared computer can serve one 
hundred people or more at-'the same time, each unaware that anyone else is 
using the computer. Each user has his own terminal usually a typewriter 
terminal or a CRT terminal which can be located at any distance from the 
computer and connected to it by ordinary telephone lines. 

The person seated at a terminal types in a set of instructions; the 
central computer processes these instructions and types out a response 
Within seconds; the user types further instructions or corrections^ depending 
on what answer he had received, and so- on. The key concept is that this 
process is interactive — ai continuous. dialogue pccurs between the user and 
the cpmputer. The user can write a progrgpti at his own speed, run it, and 
within secionds, get the solution or eitor message(S). The inevitable errors can 
be corrected as he goes along and an entire program developed during one 
session at the terminal. 

Time-sharing systems have another significant feature* The computer 
. has a librkiy for storing programs. Each user has a section of his own where 
he can save work-in-progress and any programs that he has developed. A 
large variety of library programs are also \ available to any user. These 
ordinarily include mathematical and statistical proems for which the user 
only supplies the data,, and a number of gaiA<» for recreation or 
entertainment. Computerized fodtball games, card games, ete., help remove 
some of the fear and imfamiliarity with the computer which can intimidate 
the novice computer user/ 

How Time-Sharing Works - % 

Time-sharing is made possible by the extremely fast speed ot. the 
Central Processing Unit --- one miUion or ore/ instructions per secor^d. 
Suppose a time-sharing system has one hundred users. Then in every second 
the CPU could do several thousand arithmetic operations for each user and 
still have time left over* The CPU switehes its attention rapidly from one 
user ^to the next, spending only a few milliseconds with each one. If a 
personVJwggrk has^ot been completed during his 'time-slice\ the partial 
results are saved and then his worfcis resumed when it is his turn again. This 
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liund'-robin method allows a large computer to service over 100 users 
^ concurrently yet the time each individual must wait at a terminal for a 
' response is only a second or two. Time-shoring is not restricted to large 

<JOmputers. It can l?e performed' by macKitflBS of all sizes down to economical" 

minicomputers with only a' few terminals* 

. • *• . ' 't> * ■ 

New Language o * , 

■ 1^ . 

' Traditional computer languages like FORTRAN and COBOL can be 
used on time-sharing systems, but new languages have been invented that 
take, better advantage of the dapabilities, of- interactive systems. These 
. languages were specifically designed for the non-$pecialist jind are very 
simple to learn and use. 

Foremost among these is BASIC (Beginner's All-purpose Symbolic 
Instruction Code). It was developed at Dartmouth College, New Hampshirje 
— one of the pioneers of time-sharing — yith the stated aim of encouraging 
students* and teachers to use -the computer. The commands are in simple 
English and the language is easily learned by anyone willing to /devote a few 
hours time. Some form of BAS|C is available on virtually all timi^-sharing 

nisystem^s. Qply a ftw -elementary commands are requured to wxite simple 
programs. A numbfer of special features can be added on as the user finds 
need for them, n^aking BASIC as effective is any ofiher high-level language.. 

Another interactive language which\has great -Jjotential is APL (A 
Programming ^Language). Its veiy compact and powerful notation allows one 
to write in 2 or 3 lines what might^ake 2 or 3 pages ifi another language. It is 
" sufficiently simple that elementary and junioixliigh school students in 
Edmonton ' have learned it successfully, yet powerful enough that the 
University of Laval has set up a complete computer system with 60 lierminals 
which use nothing but APL. ' H * ^ j ' 

Remote Computing > 

-^vances in telecommuriikations now permit computer terminals to be 
located at any distance from the cenljal compift^n All that^is required for 
thia remote cpmputing is a tdephonp. A person can dial the computer's 
number and hia tenninal will be xjonri^ted by ordinary telephone lines ►to 
the computer. He will then have all the central computer's processing and 
sto^rage facilities available to him. The user can be across the street or even 
across the country -\ however, long distance charges can: be prohibitive. 
Because business usb of remote computing is growing rapidly, 
teleconmiunications costs are being pushed down. Educational users will 
inevitably benefit from this trend. Cable television and eventually satellites 
may provide alternative low-cost communications for remote computing. 

Time-sharing systems for educational purposes exist in many parts of 
the United States and Canada. One noteworthy example is the Dartmouth 
Time-Sharing System CDTSS)3 centred at Dartmouth College, a small liberal 
arts college in New Hampshire. Dartmouth set out in 1963 to develop a 
time-sharing system with the intention of making the power of the computer 
available to all students. Today nearly 90% of all Dartmouth's students kmtk 
how to program the computer. They use the BASIC language which was 
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invented at DartmoutU. The campus has over 150 tenninals located in 25 
buUdings. Moiie than 50 cdUeges and secondary^, schools in or near New 
England have tenninals and are legular users of the Dartmouth Time-Sharing . 
Sysjtem« They stretch from Montreal to Boston and from Maine to New 
, Jersey* - 

The computer at Dartmouth is available as a resource in the same way 
the library is* A student may sit down at any of tibe conveniently available 
public terminals without asking permission and use it for whatever purpose 
he wishes. On a typical day, about 2,000 users *log into' the system; in a year 
nearly 80% of the student body and 70% of the faculty make some use of it. 
The computer now pervades the entire curriculum. It is routine to have 
computer homework assignments in a Wide variety of courses. More than 
half the computer's time it used for course assignments sdthough fhetf i& A 
great deal of recreational use. The average undergraduate q>ends about an 
hour a week at a compute^ terminal. ParUnouth students have lost any fear 
or awe of the computer --it has become an everyday part of their lives. They 
are well prepared for a/ world in which computers play an increasingly 
important role. / ^ 

^Minicomputeirs 

* A sigmficant trend in the computer industry in the past few years has 
been the rise of the minicomputer. Minicomputers now outnumber medium 
and large scale computers combined; meanwhile their cost continues to fall. 
Generally a minicomputer may consist only of a central processing unit that 
sells .for $25,000 or less, or a complete system for $100,000 or less. The 
CPU for a minicomputer is about the size of a briefcase, yet it has a set of 
instructions and a speed comparing fi^vourably with '^^most computers 
available today. Minicomputers do not have as large memories as the big 
computers and they can't handle as many input/output devices. However, 
they perform well as a time-shared computer for instructional use. 

The chief advantage of a minicomputer is its low initial cost. A basic 
minicomputer with one interactive terminal only costs about $5,000, and a 
system with 16 iiiteractive termina^s^can be obt^ed for approximately ten 
times thai amount. Since the minicomputer is not at some^i^emote location it 
can be available 24 Hours a day, 365 days a year. No spec^ facilities such as - 
air-conditioning, raised flooring or special power lines are required. A^l 
minicomputer is rugged and generally g^ves no more trouble than a TV set. / 
No specially trained operators are required. The biggest plus for the user is 
the availabUify of simple conversational languages such as* BASIC. 
Minicomputers are also expandable ^ more storage and more termini^ can 
easily be added as the number of users increases. Students, can get valuable 
*hahds«on' experience when computer is located in their school. 

The minicomputer has twd fundamental restrictions. Because of its 
generally small memory the size of the programs that can be written is 
limited. However, most student-written programs are quite short and are not 
usually affected by this limitation. Secondly, fewer computer languages are 
available, in particular, COBOL is rarely available, and FORTEAN is slow 
and not very convenient to use. These are real handicaps but an interactive 
system is really more suited to the simple conversational langui^s anyway. 

Thousands of schools iiyth^United States and Canada are buying their 
own minicomputer. As prices continue to fall, this becomes an increasingly 
attractive way 6f bringing the computer into the classroom* 



! Pan II 
Administrative Use of Computers 

Educational gdmuiistration is a complex and demanding process which 
has as much to gain from compute^zation as any biviness organization; The 
use of computers in banking, insurance, transportation, manufacturing, and 
many otheir industries is firmly established and even indispensable. Both 
education and business hav0 similar procedures such as payrolls, financial 
accounting, and inventory control ^;hich are eminently suited to computer 
procesdng. Special educational tasks such as student scheduling cannot' 
borrow directly from business experience but can still benefit from the use 
of computer methods. • r ' 

■ - ■ o - ■ 

. Advantages 

What advantages can be realized from the tise of computers in 
educational administration? The chief benefit ii^ the great reduction in 
routine clerical tasks. Large-scale organizations including school cjistricts 
generate and process a great deal of information. T9 do all of this manually 
could keep an army of clerks busy. The operations to; be performed are 
usually of a simple step-by^step nature, highly repetitive, and requiring great 
precision. These are exactly the characteristic$ of a good problem for 
computer solution. The computer calculates extremely rapidly, has infinite 
patience, and when properly programmed will perform for years without 
error. Its speed -"and accuracy, make it ideal for handling any orgsmjzation's 
routine clerical tasks. , \ 

Another advantage is the pomputer*s ability to tackle complex and 
painstaking assignments which otherwise could not be attempted^ 
Administrators can reqilest summaries and reports which ivould have taken 
nionths^ manual methods yet which can be provided by the computer 
within minutes. By means of the computer the school executive can greatly 
increase the quahty and quantity of the^fdrmation available to him and at 
the same time be more selective in its use. ' 

* Data Processing 

in order to achieve its goals any organization must base its decisions 
upon information, that is, data. The *;aw data' iaa mass of facts and figures 
which must be manipulated according to precise rules of procedure to 
produce new, more desirable information. This is known as dato proceitsing. 
When mechanic^ or ^lectro-mechanical equipment is used tp reduce tAanual 
processing to a minimum, we refer to it ^ automatic data processing. If the . 
data is mainly processed by a compu^ we call it efecfronfc data processing 
(EDP). EDF is the common term for the computerized clerical operations 
widely used in business and industry. Let us take a closer look at §ome of 
these* ' ■ - 
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" The first thing we need for amy computer application is a4a^a fite. For 
example, in a payroll systera we keep information about each employee such* 
as his name, aa<|ress, employee nmnbef, rate of pay/ applicable payroll 
deductions, and y'^ar^o-date totals for gross pay, inirome tax, and Canada 
PensitSn Plan. This- informati constitutes a record and the collection of 
records for all empWees fpraas^ data file. This material changes relatively 
infrequently so we ciiU it the master /i7e/^ ^ 

^> To calculate thV payroll we also need the time cards, or other such 
record of attendance Af or all the ^^"^^tes/This infonnation cons^^ a 
transaction filey ^ V ^ev . o 

teoth the mastcor filis^ and the transaction file are maintained i;n asce^iding 
order by Employee humber* These two* files are- the input to thg payroll 
program. \. ^ 

When the payrpli program is run, the infQrmation on each transaction 
record is matched with the correct master record in order to calculate the 
pay for each person. Thisygorithm is straightforward but may be rather 
involV'ed since it must take into account different raites of pay, undertime, 
overtime, and many possible deductions* A paycheque and statement of 
eamingi^,is produced for eiach person/f he master file has to be updated since 
year-to-daJ;e totals change. Also the transaction file might have included 
instructioiis to add new employees^ to Jhe master file, delete ^retired 
employees, or change the ihfo^ation on a'^particUlair r^prd, such as^^^m 
addrelft ^or ^te of "pay . All these chajnges must be incorporated into a new 
master file, j^rrors or omissions in the transaction file might be detected by 
the payroll program -- for ins^ time cards with an invalid employee 
number. In these cases^ an error report must be produced. The payroll 
program also produces a paytoll r^ster^od pth^ summaries for the use of 
management A si)ecial annual run canj>roduce all the T-4 slips: for income 
tax purposes. * ^ ^ 

Every' standard EDE^^djipUciti^^ follows-^ similar pattern. Transactions 
are accumulated and then proces^ at regul^^tervals against the ntaster 
file to produce riequired su;nm^ and reports, ah updated version of the 
^paster file, and an error report if necessary. The computeifrun hiight occur 
daily. Weekly, bi-weekly, monthly^ or even less frequently, depending on the 
requirements of the system. % - 

The process is shown in the following flowchart, where 




represents a data file (usually on magnetic tape), smd \ 



represents printed output. 
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Forsonmi Sly;stem ' 



Oth«r elements of |he pfetsonnel lyttem besides payioll pieparation can 
^benefit from computenzttion. The employee data fUe may be »panded into 
SL personnel file by including details of employment experience and 
qualifications. This data is usefol in defennining provincial grants^ 
^ promotions^ teacher placements, etc. Another file on retired teachers is 
helpful for pension plan administration^ ' 

A m^or component of the personnel system is the recruitment and 
selection of new staff. The computer can keep up-to^ate lists of positions 
vacant and details on all applicants. A computer program can provide a list 
matching a^licants to the available i>ositions. 

In large school systems the provision of substitute teacheis can be a 
constant administrative problem. The Detroit Board of Education^ makes 
creative use of a computer to help ^ts 320 schools place an average of 500 
substitute teachers a da^ at a living of more than $2000 a month over the 
previous system. The school representative telephones the computer between 
6 ai,m* and 9 a.m; if a substitute is needed that day* Using a touch-tone 
telephone or a dial phone with touch-tone pad attached, he keys in cod^d 
data to indicate his , requirements. The computer searches its file of available 
substitutes and selects the most appropriate teacher ba^ upon the subject 
to be taught, the teacher's credentials, and his distancefromthe school. Less 
than a second' later the computer uerdaHy respondT^i^^the directory 
number of the substitute. The caller then uses this number to look up the 
^ substitute's name and telephone number in a directory located in his school. 
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accurate picture of the current financial status can be maintained and 
regular financial reports produced for management's use* Cost analysis is 
easier when the computer retain^ all the finanpial^ data. Previous years^ 
budget data can easily be tabulated to aid- next year's budget planning. Other . 
computer programs can make projections about future trends, such as pupil 
enrolment, or can calcidate the financial implications of alternative ' 
proposals^ such as analyzing the costs of a proposed salary schedule* 

Physical* Resources Accounting ^ ^ . 

^ Two primary subsystems of physical resources accounting are inventory 
coiitrql and purchasing. Computers have proved very effective at m^taining 
record$t, for thousands items in inventory and ^indicating when to reord^ 
each item« This tight control helps to minimize the cost of carrying 
inventory and to achieve savings through bulk purchasing. The master file 
includes information such as item number, description, location, quantity on 
£iand and on order, cost, supplier, and information on issues and receipts. , 
The inventory control system processes all requisitions and receipts against 
this file daily and^so maintains an up-to-date inventory. Other programs 
analyze the activity for each i^m kald optimize the maj^iimum and minimum 
• stock levels. V , ' . 

The purchasing i^stem operates in conjunction with inventory control. 
When the re-order point for an item is reached, a report is produced and sent ^ 
,to the purchasing department^ or ihe purchase orders could even be issued 
automatically y since all the necessary information is on file^. 
t ^. A school system could also use |he computer to maintain facUities 
inventory. This w;puld include a complete listing of the location and 
utilization df a school system's assets ctassroon^s, laboratories, gyms, etc. 
This information is essentia if existing facilities .are to be used tf^ their « 
maximum potential* * 

Maintenance and repair projects can also benefit from EDP.^The 
planrting, schedunhg, and control of these projects can be automated to 
provide regular reports on completed and continuing work and on their 
costs* This kind of nK)nitoring is ' especially useful in managing school 
buifding programs/ 
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iSDP may^also unfirove the efficiency of^th'e school transportation 
system. Computei: prpprams have been develops for the routing of school 
buses to ptoduce much more efficient routes— requiring fewfer buses driving 
fewer miles and yet providing better service. The-possible savings for rural 
school districts operating lirge bus systems gm be substantial.' 

The computer applications reviewed above have been in the area of 
^usiness adminisl^atioja and borrow heavily from EDP practices in private 
industi^r* Let*s look «t some applications developed especially for school 
• administration. ' ^ . i - ^ ^ T 

Student Services , v - ' . , 

Student Records' . 

Tq^ay^s school ^stems must maintain extensive'data o^eir students 
—past and present. This information is constfiuitly referred to ^d updated as 
the student progresses through the school system, xTraditionally/ these " 
student records have been kept in file folders. This apprtwich presents major 
problems for large school districts, including lack of storagg, space, misfiling, 
and clerical time lost searching out information in^the fil^ 

The computer's ability to store and classify data and prepare reports 
can alleyiate most of these problems. The information in the student master 
file can maintain.ed efficiently and effectively using EDP techniqueZiln 
important^ plus is that this file can be accessed by other computerized 
subsystems such as student scheduling, grade reporting, attendance, etc. 

Student Schedulinf ' ' * 

The increasing trenll toward individualized pi^grams of study for 
secondary school students has made the scheduling ^fs^hool activities more 
comple^jhan ever. The consolidation of small schools intor larger units, the 
mcrease in course choices, modular scheduling, the need to maximize the use 
of facilities — all these have made the computer's, assistance a virtual 
necessity in scheduling classes for a large school* o 

The fii^t ^tep is to tally the course requests for all the students. This 
will be greatly facilitated if students iise course request cards of thepMR 
type which require no keypunchmg. The congiuter-^rcmdes .the 
administrator with a report of the number of students requesting each 
subject, so that he can decide ho# many sections are required* A potential 
conflict matrix is also produced, listing for each pair of subjects the ntunber 
of students requesting both/This indicates the subjects which should not be 
scheduled at the same time. ' , 

The next step is to build a master timetable giving time, place, teacher, 
and class size for each course* The master timetable is usually built up by the * 
admihistrator's taking intd account^pecial circumstances^ computer 
couldn't know about. The administrator's task is much easier" with the aid of 
the computer-produci^ course request listings and conflict matjrix. Few 
computer schedulingV^stems generate their own master timetable because 
the program is very complex/generally requiring a large machme io produce 
a satisfactory timetable, and the cost is usually prohibitive. However, the 



University of Laval has developed a promising and sophisticated iqrs^m* 
which produces at reasonable cost a fully optimised schedule for the entire 
university.^ 

The next .step is master scKedule simidation* The computer uses the 
tentative master timetable to assign as many students as possible to their 
requested classes* Coiiflicts and unsatisfied requests are printed out, along 
with the proposed teacher, student, and room schedules* The master 
timetable can then be adjusted by tiie administrator and a further trial-run 
undertaken^ This, procedure is repeated a number of times until an 
acoeptablie timetable has been produced for as many students as possible. 

Finally the computer prints out the results, including teacher, student, 
' and room timetables, class Usts, and the, final master schedule. 

Computerized' student scheduling a very successful application of the 
computer's V talents to a specialised educational problem* A Slwdent 
Scheduling Service like that just described has been offered for a number of 
years by the ' Education Data Processing Branch of the Ontario Ministry of 
Education. In 1972 almost 280 schools in Ontario chose to use it.' 

Grille Reporting 

The production of pupil report cards requires substantial effort on the 
part' of teachers. Much of this work can be automated — but not all. 
Teachisrs must prepare accurate information for the computer such as class 
mark lists by subjec^. Usihg thifi information a simple program can prepare 
individual report cards, honour roils, failure lists, school marks summaries, 
and statisticaT analyses. Each school can specify its own layout for any 
report and receive as many copies 'as necessary. Grade reporttog is a routihe 
task for a computer and saves much human time and effort. 

Attendance 

For various legal and financial reasons our schopls are required to 
collect and report statistics of students' absences and lateness. EDP 
techniques can be used to summarize student attendance data and generate 
the necessary reports. The production of detailed statistical analyses is a 
relatively 'simple programming task. The pomputer can even «is&ist in the 
keeping of daily attendance. The teacher fills in the^lates and absences on 
special forms with a lead pencil and the computer uses these to keep the 
register up to date. The method of recording data mi|st be simple to use and 
relatively error-free. Otherwise mbre ^teacher time would be required than 
with the traditional procedtures and no true saving would result. ^ 

Test Scoring - . ^ 

Automated test scoring and analysis is a well-known application of the 
o Qomputer in secondary, education. The computer is well-suited to processing 
objective-type achieventent and ability tests. Answers^ to the multiple-choice 
questions ar0 filled in with a pencil and the answer sheets are read 
autoinatically liy a device- known as an optical scanner. Thfe results are 
rapidly tabulated and pertinent statistics such as means, standard deviations,"^ 
and, correlations are calculated. Automated test scoriii| becomes invaluable 
When lar^e numbers of students are involved. 



UbniySeivices . , . 

Many school libiaries are using computers to help with their operations. 
Basically, five such operations can^'be managed by computer: cataloguing, 
ordering, reference, circulatiout and financial control - 

As a new booTc or other resource item enters a library which uses 
coi^uter services, vital information such as call number, author, title, 
subject heading, publication data, and content description is added to the 
library master file^ This material may be conveyed to the computer on 
punched cards or, more conveniently, by jteletype. This information can then 
be used to produce catalogue cards as well as spine, pocket, and charge card 
. labels. The master file can also be used for inventory and oidering purpoi^si 
If a required title is not found in the master file, the computer can actually 
jprint out a purchase order. 

In many school libraries, the computer is being usfed to manage the 
'chaiTge-out' and *charge.in* of library materials. The master, file can be 
queried concerning the availability of a particular title and, if necessary, the 
requestor put on the waiting list for that book. At any time, the librarian can 
consult the master file to determine who has a particular book, when it was 
mken ouf, when it is due, liow many times it has been renewed, and who hasi^ 
placed a *hold' on the book. The computer can automatically issue overdue 
notices or check if a book is on the reserve list. Once circulation duties are 
taken over by the computer, library management statistics may be produced 
as a by-product. Sucfi information as charge-out totals by user categories, 
requests for reserved books, and total circulation figures by subject areas can 
be listed. In addition, financial accounting reports qan be generated by the 
computer. . " 

In some large college and government libraries the entire reference 
system is maintained by computer, itather than search for a reference in the ^ 
card catalogue, the user can call for a diq)lay of that reference by the' 
computer. If he makes a request by^author or subject, he will receive allr' 
references in that category. Because this system is quite expensive and i^C 
only feasible for very large libraries, it will probably not appear in our publ^^ ^ 
schools for some years to come. * - ^ / ' 

■ • ■ ^ . . ■ ■ - - 

<^ > Management Information Systems \ h ' 

■ -W ■ ■ - " ' * ' ^ 

%rhe computer applications to educational administration.discusi^kl thuf 

far operate relatively independently of each other. Each one has its own data 

file, resulting in a great deal of wasteful duplication of information between ! 

files. It is very difficult to use information from a number of separate files. 

for the preparation of a report or for evaluatioh and research purposes — for 

example, a study relating student grad^ to the use of library resources. In 

addition to automating routine administrative tasks the computer can also be 

used to aid senior administrators in planning and policy making. There are 

ever-increasing pressures on our school systems to increase services, 

maximize effectiveness, and minimize costs. These pressures emphasize the 

need for a management information system to providie adequate, accurate, 

and timely information to\ educational decision making. 
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The characteriltic feature of a management infonnation system is the 
use of an integrated data ba$e. This means that the school system maintains 
computerized files for all areas of educational information facilities, 
finance, instructional programs, personnel, and students. Cross-references 
and linkages are established between all ot these files. There is minimal 
duplication of information l)etween files, interrelated items can be retrieved 
from any of £he files without a time-consuming search^ Careful thought must 
be given to, what data should be collected, from whom, how often, how it is 
to be recorded, and how it is to be used. There is an ever-present temptation 
to record something merely because it is available, rather than for its 
usefulness. The creation of an integrated data base of educational 
information is anr ideal application of the computer's ability to store and 
* . retrieve data. 

Th^ integrated data base, once established, is used to support all the 
-infomibtion processing activities of the school system/ This includes the 
regular EDP applications discussed previously payroll, accounting, 
scheduling, etc. But more import^uitly, information is now available on a 
regular basis to assist senior administrators to judge the effectiveness of 
present programs and to pWfor the future. Reports can be generaW by the 
use of a managementby-exception technique where the computer flashes a 
warning when it detects a situation beyond prc'^set limits. Reports can be 
distributed on a ^need^to-know' basis so that middle management gets the 
detailed information it needs while senior officials are freed of administrative 
details and get only a broad outline; 

Many advanced management techniques can be used with a 
management information system because of its inherent flexibility. It can 
provide the raw data required by such techniques as PERT (Program 
Evaluation and Review Technique), GPM (Critical Path Method), and PPBES 
(Planning, Programming, Budgeting, Evaluation System). These methods 
allow evsduation of alternative courses of action and allocation of scarce 
resources to meet s{^cif ied objectives, 

An example ot a successful management infonnation system is the 
TIES Project p sponsored by 30 Minnesota school districts located in the 
Minneapolis - St. Paul area. TIES stands for Total information for 
Educational Systems. A total of nearly 230,000 students and 35,000 
employees are served by TIES. Participating school districts range in size 
from 1,400 students to over 31,000^ Administrative, instructional, and 
research services are available to the member districts for $6.25 per student 
per year. 

TIES uses an integrated data base and an on-line telecommunications 
network for maintaining it. Each disteict administrative cenke accesses and 
maintains its own information files using a CRT terminal connected by 
telephone to the computer centre. Information can be displayed, added or 
corrected within five to seven seconds. This information is used by the 
r^lar administrative systems which include a Financial Budget and 
Accounting System, and a Payroll Persormel System. Special reports can be 
generated as easUy as routine reports, without extensivje redesign or 
reprogramming^r thsmks to the advanced design of the TIES system. 



Extensive in-service workshops tte a key factor in helping school personnel 
make use of TIES services. 

TIES also supports the full r«nge of instructional computer uses. Their 
instractional network has approximately 200 teletype terminals and 15 card 
reader terininals available for use by student^ and teachers. In some districts 
all students are able to write programs in the BASIC language by the end of 
the fifth grade. However, students are generally not inteoduced to the 
computer until junior high school. They first use the computer for 
simulations and then write their own programs using the simple, English-like 
statements of the BASIC language. The computer is most commonly used 
for problem solving in subject areas such as science, mathematics fpd sod^ 
studies. Experimental programs are also underway in computer-assisted arid 
computer-manageaanstruction,, 

TIES repreientia dramatic change from current educational practice. It 
has proved one of thfrmost successful uses of the computer in education. 

Who Fk^ovides Computer Services? , 

There are a number of ways a school division may obtain administrative 
computer servicesV Theo first way is to either purchase or lease its Wn 
computer. Generally there is less problem in replacing leased equipment 
should more powerful equipment be desaed at a later date. When a school 
dhrision operates its own computer' centre it must hire experiertced staff to 
use the computer to best advantage. The staff of the centre usually. first 
implement EDP procedures such at payroll and Accounting, which show an 
immediate financial return. Larger cenixes can provide the whole range of 
administrative services, but each service requires careful planning and it may 
take several years before it is fuUy operational. . i 

A second way of obtaining computer fervices' is from a commercial 
service company. Many companies sell specific services such as payroll or 
scheduUng to school divisions. A division can purchase the services it needs 
and can specify deadlines and penalty clauses in the contract. However, the 
services available may not truly meet requirements; there is little freedom^ 
try new approaches; and a fullrange of services would be quite expensive. 

Another alternative is the regional consortium. A number of school 
districts can cooperate to provide low-cost computer services to their 
members throu^ a single large computer centre. This brings the cost of 
computer services even within the range of small divisions. This approach has 
been tried successfully in the United States. One example is the TIES project 
which Was previously discussed. Another regional consortium is the Region 
IV Education Service Centre ^in Houston, Texas which provides computer 
services for 700 schools and half-a-miUion students. One benefit of these 
consortia it that their huge multi-purpose computers can provide a broad 
range of instructional servicies as well as education data processing services. A 
regional consortium on this scale requires a great deal of time and mone^tlb 
develop. 

Another approach is to have the provincial Department of Education 
make administrative computer services available to all school districts. This is 
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the approach being taken by the Ministry of Education in Ontario through 
its Education Data Processmg Branch.lO This branch has th^ computer 
resources and experienced staff to develop administratwe services and to 
offer them to local school boards at cost If a school boaxci feels it caft obt^ 
more co.st-effeetive services elsewhere or wants to use its own computer it is 
free to do so- Many local boards link their smaller computer via telephone 
lines to the large EDPB cdmputer in Toronto and use its extra power when 
necessary. The provision of computer services to all school boards facilitates 
standardizatjon in reporting, and more effective administration of the 
educational system by the Ministry of Education. \ 

We have said little about the way application programs are developed. A 
recent survey H of large American school system^^has shown that school 
districts with their own computer have a decided tendency to use their own 
staff to develop administrative computer prograihs. Contract staff are rarely 
used and existing application pr6grams from other locations are used only 
occasionally. Yet many application programs varv littWirom one p|ace to 
another and are usually available for the asking. Perhaps one reason for this 
lack of sharing is that most programs have hot been written in a way that 
permits easy modifications to suit other school di^nsions* requirements. 
Another is the fact that no clearinghouse exists to assist in the exchange of 
application programs, and so most computer centres continue this wasteful 
duplication of effort. No matter who develops the computer applications a 
key point in theii' sjiccessful utilisation is full explanationXof the service to 
those who wiU use it and careful training in the procedures\tQ be followed. 
Suspicion or misunderstanding can render even the most \ advanced and 
sophisticated computer application ineffective. 
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/ Part III 

Educational Use oA Computers 

: ■ ' \ ■ 

\ . 

\ C ' • 

Each yeu, more and more schools throughout Can^a and the United 
States are using computers for instructional activities. Considering the cost 
involved, why are these machines becoming so Iiop^Iar? The answer must be 
that the computer is producing significant improvements in the learning 
process. Let us briefly note some of the reisons why comimters are 
becoming widely accepted in education: \^ i 

1. The computer is an excellent motivational device. Most students 
like to work with' the computer to have it do work for them — 
to play gainfieswith it. 

2. Since computers affect many areas of bur lives^ it is to the 
student^s advantage to become acquainted with what they can and 
cannot do. Students can learn this by using the computer and by \ 
study ing about it in class. 

- ■ . - * ' • 

3. Because the computer can perform complex computations very 
quickly, it can help the student with lengthy calculations which 
threaten to obscure the learning situation. In fact, the student can 
use the computer to helji him solve many problems which might 
otherwise be too complex to attempt. 

4. Using the computer, a student can experiment with a model of a 
real situation, studying the outcomes as he varies any of the 
controlling factors. This technique, known as simulation, is 
eq>ecially used in the subject areas of science, social studies, and 
business. * ^ 

5. The computer can assist in the instructional process by helping the 
teacher to drill, review, teach, or test students. This type of 
assistance is known as Computer-Assisted Instruction. 

. Let us look at how computers can be used in the classroom. 

a 

Learning About Computers 

A large proportion of schools in Canada and the United States offer 
instruction in «t least one of the following cat^ories: computer literacy, 
computer science, and data processing. 

The goal of computer literacy is to give all students' basic information 
about the computer and how it affects their Ih^es. Such information need not 
constitute a separate course, but may be part erf the social studies, 
mathematics, ot busincM education programs^ and, mify begin as early as the 
junior hig^ level. Topics such as the following could be discussed: 
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— abri^f history of computers 
^ how computers work 

— the capabilities and limitations of computers 
how computers are involved in our lives 

the misuse of computers. ■ ' ^ . * 

One of the best ways to learn about the computer is.to write programs 
for it. After learning a simple programming language such as BASIC^ the 
student can write a few simpje problem^ and run them on the computer. If a 
computer is not available, the student could experiment with a simulated 
computer mich as CARDIAC, a small cardboard computer developed by the 
Bell Telephone Laboratory « 

Computer science courses involve a more in-depth study, of the 
computer and programming. The following is a list of suggested topics: 

1. The components of a cpmputer and their functions. 

2. The study of algorithmic thinking and flowc;Bart|pg, 

3. The fundamentals of programming^ 'iiicltid^ input, output, 
branching and subprograms. The student Jhould learn both a 
low-level language (either/assembly or m^cjbine) and a high-level 
language sudi as FORTRAN, BASIC, or PIi/1. ■ 

4. Discussion of computer applications in such aregs'^as industry, 
business data processing, transportation, communication^^ ^science, 
Aiedicine, and recreation: . 

5. Some understanding of compilers, assemblers, operating systems, 
monitors and other kinds of software. 



More and more ^business, industrial and govemi];ient organisations are 
using computers for data processing. A course in data processing would 
generally be offered by the schooPs vocational or business education 
. departments. Some topics which^ould be included follow: 

1» The study of unit record equipment (e.g^ sorters, interpreters, 
collectors,.tabulators, etc.)* 

2, Components of the computer and th^ir functions. 

3, An introduction to computer programming 'iii^both a scientific 
language (e.g. FORTRAN, PL/1) and a data processing language 
(eg- COBOL, RPG). 

4, Computer applications to such business problems as payroll, etc; 

The_only equipment needed for the computer literacy or computer 
science courses is ah interactive termii|al or a remote batch terminal. If the 
latter is used, eith'er a keypunch machine or OMR cards will be necessary. It 
is preferable that whatever equipment is used be readily accessible to all 
students. In addition to a terminal, data processing: students would also 
benefit from hands-on experience with imit record equipment* 
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The Computer as an Aid in Ii 



;tniction 



In this section, we will look at some , of 'tjie ways teachers and students 
are using the computer to facilitate learning. We will consider examples from 
many subject areas to demonstrate the breadth of possible applications.- 

Theife :flre basically two ways in which students can use the computer ^ / 
problem wiving and simulation. In problem solving the student usually 
writes his own computer pro^m, and in so doing gains a deeper 
understanding of the algoritlim upon Which it is based. Alternatively, m 
simulation he uses pre-writteri (or *canned;) programs and only supplies data 
and observes the results, Obvidusly the former use requires a greater 
knowledge of programming and takes more tune. In choosing whether to 
provide a canned program or have the students write then: own, the teacher 
must decidp whether studying the algorithm or studying the^results is the 
main objective of the assignment. 

At all ti«jes the temptation to use the computer only for the sake of 
using the comgpu^er must be avoided. Tlie computer should not simply 
duplicate what a teachrf" can- do in a classroom or laboratory, but should 
enhance with some additionaP dimension. It should not be used solely for 
jobs which' could be dbnejust^as^ easily by a desk calculator — there is the 
danger of having the cj^aputer looked upon merely as a^*giant calculator'. . 

Problem Solving ^ , ' ^ 

Perhaps the sunplest Way of using the computer for prpblem solving is 
as a calculator. The computer caix allow Uie class to look at more relevant, 
realistic problems by itself^ performing those thne-consuming, error-prone 
calculations between the Setting up of a problem and the arrival at its 
answer. 

Let us first examine the suWept of mathematics which best lends itself 
^ to computational aid. Can you^emember having to find the roots of a 
quadratic using the quadratic formula? Computations could become quite * ' 
tedious unless 'rigged* equations were selected* Althougli the most important 
step in the solution was the correct application of the quadratic formula, \ 
most of the time taken in arriving at the answer occurred aftet this step. 
^Since performing the^calculations does not enhance the understanding of the 
quadratic formula, we:could hjive the computer do this work for us. " 

By having the computer ev^uate a function closer and closer to a 
chosen point, the concept/ of *limit* could be made much more concrete and 
meaningful to the student. The fact, that this would require numerous , 
difficult calculations is no deterrent to the computer ♦ 

Physical sciences, such as chemistry and physics can also benefit from 
the comptJitational powers of the computer. For example, after performing 
experiments in the lab, students may have the computer analyze their data 
forthem rather than doing it by hand. ' 

. When using the computer as a calculator' we relegate to it most of the 
tedious calculations. Another reason for usmg the computer for problem 
solving is to yemforce concept understanding. The student must make a 
step-by-step logical analysis of the problem. In so doing, he acquires a deeper * 



undmUnding of the nature of the algorithm, its power, and any potential 
difficulties. The writing of a computer program to iotve a problem is more 
beneficial than working throuj^ two or three ^messy ' examples by hand. 

We could look at the process of programming as 'teaching' the ; 
computer how to solve the problem. As an example, suppose our prdblem is 
4o find the average of an arbiiraiy number of integers. The first step is to 
decide how to attack the problem ^ in this case, we ado^all the integers and 
then divide by the number of integers. We next design a flowchart to help us 
conceptualize the problem. This process eliminates many errors and false 
assumptions and clarifies vague understanding. Our flowchart would look 
iomething like thc^ following: 

FINDING IHEAVEIUGE OF n NUMBERS 





The procei s of algorithmic thinking, very important in the sciences and 
other subject areas, is reinforced by the writing ojf flowcharts and computer 
programs; ^ 

What are some of the ways computer problem solving is being 
incorporated into the curriculum? Again, the subject of mathematics stands 
out. It is generally the mathematics teacher who introduces students to the. 
computei>. One well-known attempt to bring the computer into the 
mathematics curriculum is the CAMP Project 12 (Computer Assisted 
Mathematics Program), developed at the University of Minnesota, The CAMP 

<^series, which covers grades 7 through 12, was initiated to acquaint students 
with the problem-solving aspect| of the computer in their regular school 

'work. Thus, wherever the writing of a^computer program would improve 
learning, the student is instructed to writiei one. Some of the topics which 
receive computer attention (selected from the grade 8 course) include: 
fractions, decimals, and percents; squares and square roots; properties of thi^ 
rational numbers; geometric concepts: pi, perimeter, area, volume, properties 
of triai^les, Pythogorean theorem, and so on. 

Art example^ of, solving a standard problem by using, the con^puter is 
evaluating the area of a geometric figure or the area under a curve. To 
calculate the area of a circle by computer/ 

<► " ■ - "* 

i) we could set off a rectangle 
which ii^cludes the area to be 
caTculated. (Let us choose ^4 of 
the circle)^ . 

ii) have the computer generate 
- many pairs of random niunbers 

whose Coordinates are between 
0 slnd 1. Count the ntunber of 
pairs which lie inside and outside 
the required figure, 

iii) then the niimber of points inside 
the figure, divided by the total 
number of points tried, times the 
area of the rectangle (which is 1 
in this case), times. 4 (since we 
have considered only % of the 
circle), will approximate the 
area. • 

Note that the more points we generate, the closer our approximation 
will be to the actual area. This method would be impossible without the use 
of the computer, yet is probably more meaningful to>.the student than 
applying the formula A,^n r2. in fact, this approach not pnly reinforces the 
area jipacept, but could be used to develop the formula in a more meaningful 
way (by finding the areas of ckcles with different radii and comparing the 
results), * 




Outside |he )urea of mathematics^ subjects such as general science, 
qhemistryi 'a|^d physics may mal^e use of computer problem solving 
^hniques. ^Uch topics as the study of the interrelationship between 
Vplume-t^pl^Yature-pressuref of gases bri^assrvolume-densit^ of solids coul^ 
be studied in detail by the Qpmputer. An inventive teacher and his students 
dkn discover virtually Onlimited computer applicatioi|s in these fields of 
s^dy, ' ' , i ,. ^"-r^, , ' _ 

\ JEii' order to solye^roblemslfising the computer;, the student must have 
some degree of^pe^age in at Je/ast one programming language. The lype of 
system th^^fieSTmplc^s cw^ be either interactive or batch. If the tfystem 
.'is int^^^e^ the student will use ah interactive language such as BASIC or 
APL; ffijatch, he wiU use a lan^ ^ ^ 

Problem solving is the most widely used application of the computet in 
ini^truction^ For one thing, relatively little terminal or computer time is 
requured once the teacher assigns a pioblem, the student analyzes it and 
writes his program, using the computer only briefljr to test and debug his 
program. As was mentioned previously^ more complex problems may be 
attempted with the aid of the computer. Also, the student can try more 
examplifis beqause of the speed of the computer in performing calculations. 

Simulation ' ^ 

^The use of computers for simulation is one of the most attractive 
Applications ^ and one which is suited to* a wide variety of subject areas^ a 
simulation^ a model or representation of a real world phenomenon is c^ea^d, 
BXid its^characteristics inay be explored by experimenting with -the model. 
Generally, little knowledge of the ^omputeif or how to program it is 
necessary — the student is expected to supply and jiggle variables aiid 
observe the outcome. AppUci^tioni^ rangev&om generati^ miisiq 
scores j to performipg a complex chemistty^experiment, to landing a lunar 
module. If the studeift is proficient in programming, he may enjoy^ creating 
simulation programs of his own. v 
/ When should coioiputer simulation^ be emplojp^ed? Professor Ludwig 
Braiml3 of the Huntington Computer Project, has^mgges^'^several criteria: 

ll; When facilities or equipment nee^ira to con^u!^ an actual 
experiment are costly or complex and, as a consequence,*'where 
^ the experiment would probably not otherwise be performed (e.g. 
complex chemistry experiments). 

2.^ When the actual ex^riment is hazardous and might endanger the^ 
, experimenter (e.g. science experiments which involve radiation, 
^ high temperatures, explosive gases). 

N 3. When time scalei^ involve^ are either, too short to allow easy. 
^ - measurement or too long to fit' into^the school year (e.g. biological 

• .studies in genetics/— - observing successive genetations of a 

particular spepies). * % / 

4. When the sample size available in the real world is too small to 
* permit generalizations (e,g. the study of jare diseases by medical 
students). * 

■ ■ ■■ ■ . ' -31- . • • • ■ 

V 40 • r 



. 5, When the , experiment^ technique is complex and must be 
developed over an extetWed period of time. V . 

6, When it is impossible . to experiment directly Ce.g, studies of 
^ political, economic, and'social systems, human genetics). 

Whete do simulation programs conae from? To develop realistic,"^ 
accurate simulation programs^ a team of J^jTsteto^^engineers, computer 
.scientists, and subject riiatter specialists generally work together. Less 
compliex simulations may be created by individual teachers or students. ^ 

l^et us considep specific simulation programs in use today, 

" selected firom a wide range of subject areas. ' 
; ; In the field of social studies, a siimulation program called BALj?AY 1^ 
'tmtemation BALance of PAYihents) hais been developed for the REACT 
(Relevant EdUcationai Applications of Comt)ute]^,Technology> series. In 
BALPAY; the studept plays^'tfae.role of decision ifiaker for a hypothetical 
country. He attempts to make economic decisions which will , give* the 
country a, healthy bala&tce-of-pajrmerits .position. The objective of the 
program is^to give tlie studeht tlie chance to investigate personally the 
relationships between policy decisions^ and their ultimate effects oh 'the 
economy.^ ' . ' ■ a ' . ; 

A scientific simulation in widespread use is lAlLA^ 
Project SOLO) which simulates a lunar landing. The lander has 30,000 units-^ 
of fuel an^ .starts its descent at 70 miles. The student, as the pilot of the 
module; can' fire his? thrust engines to brake bis desce'nt. One unit of fjiel is 
used for every 100 pounds of thrust per second; He must l^nd his cMt'at 
less than 30 feet per second to be considered successful. The program is 
realistic .in its simxilatidn of gravitational pulf on t^xe craft and tlirust 
produced by l^e engines, r - 

WHEELSlS is a simulatipn developed by the TIES Project. Its purpose 
is to reinforce vthe concepts^ personal finance and auto ownership. The 
student .may specify the type ©f car he wishes .to buy and how he plans to 
finance it. ' JHe must worry about insur^ce, operating costs, and ms^ot < 
breakdowns. The computer sinaulates the amount of usage df the qar, major \ 
repairs, accidents and unexpected*events for each month'of operation . » % 

In the field of biolofgy, a prograra has been developed for the PLATt) 
^IV ^stem ^hich helps fo teacfe tiie laws of inheritance- in jgVnetics.l''' The 
computer simulates for each stu^rit a fetock of parent fruit flies V some 
normal, 'some with assorted mutaiions. When, the student requests tha^ a 
mating be made, within seconds the offspring are displayed 6h a device 
attached' to the coinputer. The student experiments with several generations-, 
of fruit flies keeping in mind tliat mutant charactferisto^/^^ generally 
recessive and miy ;show up in ^ture generations. This tyffe of experiment ' 
would not be attettipted in a normal biology class,' yet with the aid of a 
computer simulation, several jjehetations may be examinfed in a m^itter of 
hours* " - V- " y ■ 

A final ex^plej in the area of ecology, the POLUTI^ program 
developed for the JHuntington II Project. POLUT/Mmulates the effects of 
certain variables on the quality^f a water resource^. The' studen€x;an vary any 




— tjrpe of body-of. wkter (large pond, large lake, slow-moving or 
fastrinoving river). * 

water temperature. ' • 

« typeof waste released into the water (industrial or sew2^e). 

— rate of dumping waste. * - 

— type of waste treatment. o 

' - . . •■ ■ • ^ ' 

After the student pnters his variables, the computer will determine the' 
oxygen content and the waste content of the water for each day, until the 
oxygen and waste contents remain constant. The student can select his 
* output to appear in the-form of a table or a graph or both. 
^ This simulation allowd students to ^^investigate the effects of variables, 
cdtiijpare . various pollution control strategies, examine hypothetical 
situations; make and test hypotheses, and predict the implications of certain 
scientific^ and economic /decisions'*^ POLUT should increase the. student's 
understanding of and insight into the ecologies problem of water pollution. 

^ Computer^ Assisted Instruction ' 

• Individualizing instruction is. perhaps the most ii^mediate concern of 
educators at the present time* Modem computer technology can help 
provide indivijiualized instruction for every students Let us refer to this 
computer-aidea tutorial approach" to teaching as Computer^Assisted 
Instruction^ or more simply CAL / 

The majorily of existing CAI programs, are in the areas of mathematics, 
^languages and the physical sciences. It appears that not every subject field or 
in 'fact evenr area in a lield jis equally;^ suited to computer-assisted 
, instructional" The course designer must decide when learning exf>eriences 
could be brought about just as effectively and less expensively with alternate 
teaching approaches. 

Let Us examine the three types of CAI, namely drill and practice, 
tutorial, and dialogue. \ ^ • > 

. Drill and Practice System - . ^ ; 

The drill ,and practice type of insmiction is the least complex of the 
three to program. ^"The computer is tised pnly .to supplement regular 
classroom 'instruction, to drill and review students on previously taught 
'material* E^ch indent is guided through a completely individualized' 
program of drill tailored to his particular ability and rate of progress. ^ 

Generally the student works sequentially through a program, answering 
questions posed by the computer. A temporary detour may be caused by $n 
incorrect response, but after clearing up the difficulty, the computer returtls 
to the main program fib . " * ' 

^, .Let us look at a simple drill sequence selected-^firom an elementary 
mathematics prpgram on multiplicationv Each student response has been 
Underlined/ ° . ^ 
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GOOD " ' 

4X9=? - * ' 

. 36. . ' ■ ''\ ■ - ■ ■ . . 

. CORRECT , 
- 4X7=? ' 

■ M.;. " ■ ■ 

, WRONG, TRY AGAIN 

. ."4X7 = ?- ■• - ■. ' • . 

WRONG^TRY ONE MORE TIME \ . 

4X'7 = ? * . ^ 

27 

Nq/4^7 = 28 
. REMEMBER N0W4X 7 = 28 

4X7 = ? . ■ ■ . ' • 

■ ' ■ . - "ji 

28^ . • ■ , ■ - 

RIGHT 

4X8 = ? '' ' . 

- 32_ ■ ■ . ' - ■ 

4X-5 = ? ' ■ • 

20_ ' / 

GOOD - 
^ CAREFUL n6w 

4X7 = ? , ■ ■ ■• . ■ -• . 

28 ■ ; ■ . ■ ■ ■ - ■■ ' • 

VERY GOOD ' 

, Notice tl(at the completer recopiizes and req)6nds to student answers. 
The student is immediately told whether or .not his ankwer is correct and 
then, depending on his answer, he is either advanced to the next problem, 
given a second chance to, answer correctly, or supplied with the correct 
answer. _ • • 

Frequently, a time limit is imposed on the student — if he does not 
respond within a %ed length of time, the computer acts as though he had 
answered incorrectly. 

The structure of a drill and practice program may be fairly complex if it 
is made to handle remedial, branching, evaluation, and review. Stanford 



Univeriity, for examjile^ often m lerief of review units in elementafy ichool 
mmthematics which utilize computerized drill and practice. A 
cc^puter-admtniitered pretest determines the initial level of drill exercises 
to be presented to each student. After each subsequent lesson in the unit, 
the student's performance is evaluated and he is accordingly directed to a 
lesson of greater, the'same,|)r lesser difficulty. Therefore, several -streams* of 
varying degrees of difficult must be programmed into the instructional unit 
so^fhat the computer can adjust to individual differences, ' 

' Let us look at some of the reasons why drill and practicepAI systems 
aref^pi^^ v 

.1. The student works at his own rate on problems ^leciaUy selected 
for his level of ability* \ - ^ 

« 2* Since the student im iibteracting with an impersonal machine, he is 
more likdy to try a questionable req>onse. Fear of ridKiile by his 
peers Is eliminated. 

^ 3, The student's every response is immediately evaluated and 
reinforced*^ ^ 

4. * Drill and practice ^sterns generally provide for score-keeping, so 
that information on a student's progress is r^ily available to the 
student and to his teacher. 

&. ^ome drill and practice* cbutinea offer the additional fealure of 
analyzing student responses. For example:^^ 

WHAT IS 2 X 3? 



. LOOK CAREFUIf^Y AT THE OPERATION. TRY AGAIN. 

t ■ ' 

REMEMBER YOU ARE BEING ASKED TO MULTIPLY, 
„, • NOT ADD. TRY AGAIN. 

GOOD WORK! 

In this program, the computer was programmed to anticipate 

reasonable errors and ^ve the student hints, based on the nature of the error, 

. . ■ \ 

Tutorial System * 

Jn a, tutorial jsystem the computer, rather than the classroom teacher, 
assumes primary , responsibility for teaching new material. The interaction is 
intended -to approximate that between a patient tutor and his student. The 
teacher is ho longer the sole vjehicle of instruction — he has time to 
individualize his own instructional efforts. 

Early tutorial systems'^ were of the linear type — that is, every student 
was forced to follow a fixed path through the programmed material with the 



v. , 

ordy variation beiiig in hii rate of progress. This meth6d is poorly suited for 
CAI since It does not take intol account the computer's evaluation and 
decision capabUities. A 6mnc/»>v type of program is more acceptable smce it 
' provides one or more alternate routes to the same learning objective. The 
• path a student follows depends on his previous responds. 
• _ Early CAI programs used questions of the multiple chdice type. The 
student did not. have complete freckiom of response but chose lrom among 3 
to 5 pre-selected answers. The limitations of this approach led to the 
development of programs which all(t>w student-constructed responses. 

An example of a tjjitorial program which allows student-conitructed 
responses is the following portion of an Introductory physics course 
develped at the University of Illinois for the I^LATO IV sytem.23 student 
responses are underUned. , 

If the acceleration is constant, the aversige velocity V 
^ can be written as a simple function of the initial 
« • velocity Vf and the final velocity Vf . Write an expression ; 

involving Vi and Vf: 

y (Vf - Vj) 72 no . 

You^ expression gives the wrong result. Prefes --.next — to 
seewh^. 

Consider a car that speeds up (with constant acceleration) 
from 60 to 80 fp.s to pass a truck. What would you* say is 

the average speed ? during this passing waneiiVer 

V - 70 ok fps; 
Eight but your formula give?^ - 

(Vf - Vi)/2 =^ 10.0 

So you,mU5t re-write your expression. ' ^ 

If the acceleration is constant, the average velocity 
can be written as a simple function of the initial . ^ "^V 

velocity Vi and the final velocity Vf • Write an expression ^ 
involving Vj and Vf: 

V (Vf2 - y-Z)-/2 iVf - Vi) ok . _ 
Fme. Asunplerformis (Vi + Vf) /2: 

^ A remarkable feature of this program is the abiUty of the computer to 

recognize the complicated exprewion as being correct and equivalent to the 
given simpler one. 

Not only written mformation can be presented m a CAI tutorial 
^i^tem. With the aid of visual display devices, interactions such as the 
foltowing are also possible (taken ftom a PLATO IV geometry course24): " 
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a. 




Good! Your figure has qrmmetry lines that do not go through 
vertic^. . \ v 



b. 



Now draw a quadr^ateral with only two lines of 
symmetry that go throu^ vertices. 






( 



You drew thiat figure before* Are you trying to fqol me? 



Now draw a quadrilateral with only two lines of 
symmetry that go through vertices.^ 




Verygoodt 

■ . ' ■ '*.f , ■ " ■ 

Notice how the computer chooses an appropriate second problem (b) 
depending on the first response (a)« Note also that the computer is able to 
classify the figures independent of size, shape or orientation^ \ 

Another feature which should be mentioned is the ability of the 
computer to perform computations during the instructional sequence- The 
'following example from a Simon Fraser University chemistry course^^ will 
illustrate this. precedes each student answer. 
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C«lcul«t? the pH of « solution which has the following 
concentration of H(+): ' 

1.0 X 10**-6 (Note:- You may use C/LLC from now on 



again, hope you remeiilber how!) 



, ♦****cdc log (1.0) + log (10** -6) 



-6 




' No, your sign is wrong, remember'that pH = -lo^(H(+)). 
Okay, try again, ' . . ^ 



By typing the wqkI 'CALC' followed by the expression (1.0) + log 
(10**-6), the ' student is temporarily reipoved from 'CAI mbde'. The 
expression.is evaluated by the^GALC prograA and the anwer -6. is returned to 
the student's terminal. After the computer has printed the answer, the 
' ^stem is returned 'to the 'CAI mode' and is ready to receive ah input from 
the student. Thus the student is able to work throu^i fairly complicated 
problems witho^it' becoming bogged down performing lengthy calculations 
J^hand. •. " . : 

Dialogue System ' " o / 

*• ' ■ . . - * p 

At the third and most complex lever of computet^issisted instruction 
'. are programs ^irhich permit the computer to cany on a genuine dialogue wifti 
the student. Such systems, which are stfll in the developmental stage, are 
difficult to design since student responses need not appear as simple right or 
wrong answers. The computer must accept a studerit*s tesponse and, using 
some criteria, determine ji^ether it is satisfactory. Also, student-initiated 
inquiries or comments .must be interpreted and dealt with satisfactorily. The 
ultimate goal toward which researcherk aare striving is ^i^^ 4 system 
where the computer is able to reci^nize the student's spoken words and 
i^espond audibly in turn. , ' . 

In the foUowing excerpt from a program caUed ELIZA26 developed at 
the Massachusetts Institute of Technology, the computer -interacts as a 
psychotherapist mii^it. Although this program is not strictly 
education-oriented, it is an excellent example of how a computer can be 
programmed to simulate a human conversation. The lines printed in capital 
letters represent computer responses, ' 

Men are all alike. . . «' 

IN WHAT WAY . 

They're always bugging us about something or other. 

CAN YOU THINK OF A SPECIFIC EXAMPLE : : 

Well, my boyfriend made me come here. - ' 

YOUR BOYFRIEND MADE YOU COME HERE 

He says I'm depressed much of the time. . 
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I m SORRY TO HEAR YOU ARE DEPRESSED 
It'slbrue, I <am unhappy. ' 

DO toU THINK COMING HERE WILL HELP YOU NOT ko BE 
UNHAPPY , • / 
I need some help, that much seems certain. 



Wlj2i|,)VOULD IT MEAN TO YOU IP YOU GOT SOME HELP 
Perhijpis I could leam to get along with my mother. ? 
TELL ME MORE ABOUT YOUR FAMILY 

My mother takes care of me. / ' , * 

WHO ELSE IN YOUR FAMILY TAKES CARE OF YOU 
My&ther. / 
YOURFATHER . . 

You are like my father in some ways. ' 
WHAT RESEMBLANCE DO YOU SEE / 
You ace not very aggressive but I think you don't / 
want me to notice that. ' 

WHAT MAKES YOU THINK l AM NOT VERY AGGRES^E 
You don't argue with me. / 
WHY DO YOU THINK I DON'T ARGUE WITH YpU S 
You are a&aid of me. , '• ' ij 

. DOES rr PLEASE YOU TO BELIEVE. I AM,AFR|VID OF YOU 
My father is afraid of everybody. ' v . 

WHAT ELSE COMES TO MIND WHEN YOU ThInK OF 
YOURFATHER / . 

Bullies^' •';/■,; . ■ . 

^ ' DOES THAT HAVE ANYTHING TO DO Wl'TIif THE PACT THAT 
YOUR BOYFRIEND MADE YOU COME HERE 

■ ■ ■ I • 

Although this program does not allow complete freedom of interaction 

between computed and student, it obviously pijavides for more than is 

possible with the tutorial method* One must keep jm mind that this dialogue 

(or Socratic, as it is sometimes called) type of CAI is in its early stages and 

that the next few years should see some gijeat improvements in the 

human-likequality of the interaction. f . 

Some characteristics of ordinary dialogue wnich designers would like'to 

incorporate into a computer'dialogue system aret^'^ 

1. The computer can take into account not only the cw^ 
but also the previous portions of the Conversations. 

2. The user has the freedom of makiiig any response, even if it is 
inrelevant. ■ , I! /\ 

3. The computer itself always respondsr with something relevant. 

4. The computer can decide whether /to delay information requested 
by the student. 
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5. Computer tniwen may be based on complex computations. 

6. Verbal interactions should take place in 'pommonEnglish^ 

7. Questions or interactions are permissiMe by the computer or the 
student at any time* V - 

8. Non-verbal exchanges can include tables, graphs, pictures and 
sound, y 

CAI Hardware * 

Computer-assisted instruction is generally administered to several 
students simultaneously via terminils connected to a large time-shared , 
computer. Although the computer is not physically capable of serving more 
than one terminal at any given instant, it can keep many busy while giving 
each student the impression that he alone is interacting with the computer. 
, This illusion is accomplished by having the computer allow only short 
segments of time to all the active terminals in turn. Because of the rapid 
speed of the computer, it canp check, a student's response, of initiate the 
/ presentation of new material during one of these/time-slices\ * 

There are a number of interactive terminal devices which could be 
adopted for CAI use. Unfortunately, most were not ^designed for students 
and have specific limitations. 

In choosing a good CAI terminal one should keep in mind the foU(»^ 
requirements: 

1. The terminal should be easy ior stu^lents to operate. 

2. It should respond quickly and not keep the students w^ting, 

3- Its alphabetic and graphic display capabilities should suit the 
material to be presented^ 

4., It should not be subject to frequent breakdowns. \^ 

The National Research Council of Canada has prepared specifications 

for the design of C Al-terminals and hawtoveloped a number of experimental-^ 
models,28 

The most commonly used CAI terminals are the typewriter terminal 

the Cathode Ray Tube (CRT) disphy. The t^^^ 
a^nilar in appearance to an ordinary electric typewriter, is capable of 
displaying printed text. If a laige amount of text is to be typed out at a 
terminal by the computer, an unsatisfactory length of time may be required. 
The CRT j which resembles a small television scareen, is capable of displaying 
information much more quickly although no paper copy is produced. ^ 
Generally, a keyboard is attached to the CRT to aUow students to 
communicate with the computer. Another device which the student might . 
use for this purpose is a light pen. The student need only touch the 
appropriate area on the CRT screen with the pen and his response will be 
recorded. This feature makes computer instruction possible even for very 
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young bhfldren. The CRT can dispaly not only printed text but also tables, 
graphs and diagrams. Bfcause CRT's are silent iii operation^ they may be 
installed directly in the classroom; whereas the installation of the noisier 
typewriter terminals would require a more specialized arrangement: A 
student instructional station may also include a computer*controlled slide 
projector and an audio unit complete with earphones so that the computer 
can actually ^speak' to the student. ^ 

Learning by ear, beginning with early childhood, is important and 
fundamental. However, experiments with audio devic^ are only in the 
developmental stages* In devdoping an audio unit the following standards 
should be met: \^ " ^ 

1. The speech should be of high quality <mdintelligibility- 

2. Large quantities of possible messages must be available so that a 
message can be selected on the basis of the student's response. 

3. Fast access to the messages is need^, in order not to delay the 
pace of the teaching* 

' ■ ■ * 

The' development of devices which recognize the human voice as input 
tp the computer is still in the future. * 

OAISoftware ' . 

An instructional program is composed of a series of fmme$ — each 
frame consists of a teaching statement and some request for response from 
the student. The computer must be instructed to wait while the student is 
allowed time to respond. Regulatory and branching instructions, including 
the above *wait' instruction, must be en^l^ded directly into the 
programmed instructional sequence. These speciadmstructions, which should . 
— i)einvisible to the student, are part of the CAI authoring language$ which the 
cowiSe^^signe^^uses to write instructional programs. Authoring languages 
may be q)eSffly4es^ for CAl course writing (e.g: IBM'^Coursewriter or 
CDC*$ Tu^r) or may^^^mply be multi-purpose int^u:tive languages (e g. 
APL). The language used must^^cilitate the rapid handling of Uxge amounts ^ 
of instructional material. ^'^^^ 

the author must also provide for'^KQr branchin^^ That is, he must tell 
the computer how to handle any student respOn^ How this is accomplished 
. depends on the specific authoring language. j 

Finally, the completed CAI program must be testecTon a number of 
students since it is impossible for the designer to anticij^te all student 
reactions to materials which have been developed. 

There has been much controversy over who should design CAI 
programs. Some believe that program dlsvelopment should be in the hands of 
individAKl teachers, while others maintain that teams consisting of experts in 
the subject field, p^chologists, and experienced CAI programmers are 
necessary- Both^'approqches are presently being studied — the PLATO IV 
system and the TICCIT system described in the following section are 
examples of the respec'tive approaches* * 

w ■ 
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Some Current CAl Programs - 

^ Probably the most advanced and widely publicized experiment in CAI 
is the PLATO IV project29 at the University of Illinois: VLATO 
(Programmed Logic for Automated Teaching Operations) was begun in 
1960, with a single interactive terminal. The system presently supports 250 
terminals located in schools and colleges in the Chicago area. Eventually 
4,000 terminals will be included/ 

) . The most innovative feature of the PLATO system is the plasma display 
p%el developed at the University. The plasma panel offers all of the 
capabilities of a CRT screen, but is very compact, has little or no flicker, and 
can be cpnnected to low grade telephone lines. Computer controlled 
auxiliary eqti^pment such as audio iystems, touch pslnels, film projectors^ 
and tape recorders, may be added to the PLATO IV terminal. Designers 
predict that: the total cost of the PLATO system, including costs of the 
computer, communication Imes, terminal equipment, and instructional 
material development, will be between 50^ and 75(^ per student hour per 
terminal. • ' 

CAI programs are written in TUTOR, a powerful authoring language 
which can be used by teachers with little knowledge of computers. In fact, it 
is the individual^ classroom teachers who have developed the many 
instructional programs now on the PLATO system. Programs exist in such 
diverse areas as Biology, Chemistry^ Computer Science, English, Foreign 
Languages, Geography, Mathematics, Music; and Physics. Lesson material 
can easily be revised by the teacher if he wishes. 

Anpther system which has received much attention is the TICCIT 
^ (Time-shared Interactive Computer-Controlled Information Televisign) 
system,^! developed by the Mitre Corporation. Unlike the PLATO system 
which depends on one large computer, TICCIT is built around two 
^ minicomputers. Interactive CAI terminals may be connected either dirfectly 
to the system or remotely over cable television channels less expensive 
than the traditional telephone line transmission. Each terminal consists bf a 
colour television receiver, headphones, and a keyboard. 

In contrast to the PLATO system, instructional programs for the 
TICCIT system are designed by teams of technical and educational 
specialists. It is estunated that with tlie present 128 terminals in the TICCIT 
system^ the cost per student per hour should be about 35c . ' ' 

Having looked at the two most outstanding computer-assisted 
instruction projects in the United States, let us Idok briefly at some piojfects 
under way in Canada. ' • 

Simon Fraser University^'^ has been experimenting with CAI since 
1969 when' their Computer Centre implemented IBM?s authoring language, 
Coursewriter IIL In the same year, several interactive terminalsf Were placed 
in two British Columbia schools, with the bulk of CAI programs being 
Written in the field of science. However, most of the developmental work has 
been done at the university level in introductory chemistry. Generally, a 
lecturer and an experienced CAI programmer combine effortslo produce the 
n. instructional programs. Other CAI programs developed at Simon Fraser are 
in the subject areas of Physics, Mathematics, Biology , and Economics, 
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The Computer Applications depirtment of the Ontario Imtitute for 
Studies in Educirtion (OISE),32 has been working for several years on aCAI 
remedial mathematics program for students with deficient mathematical 
skills entering colleges of applied arts and technology in Ontario. At present, 
about 600 students are participating in the comptrter-assisted course. The 
iiistitute has also 'designed CAI coiirses in second language instruction and in 
^ high school physics* < ^ 

For over five years, the Division of SJ^cational Research Services at the 
University of Alberta (Edmonton)^^ has been carrying out research in CAI 
on their IBM 1500. They have developed , a number of insttuctional 
programs, including APL for statistics labs, introduction to Coursewriter 
- programming for te^chers^ pharmacology, nursing, mathematics, physics, 
fundamentals o^ data pfocessing^^d introduction to special education. The. 
Faculty of Medicine is preseniiy the largest user of the system for course 
work,particularly in th/field of cardiology » . 

At present, a limited amount of experimentation with APL has been 
done in Edmonton., public schools. Elementary studeiiit& have successfully 
used drill exercises, while junior and senior high students have learned APL 
and used it for exploring mathematics. 

The Quebec Department of Education^^ has also been experimenting 
with computer-assisted/instruction. They have recently cpnlpleted a thre^ 
year project on CAl/€^ing an IBM 1500 educational system. Programs were 
developed for sdected topics in French, mathematics, data processing, 
geography, and computer languages. 

Some Problems with CAI 

1* The greatest drawback to- widespread cRi acceptance is the cost — - 
terminal cost, computer cost, communications cost^ and program 
development cost. The first two are at present quite high but 
^ technological advances aire resulting in cheaper and better hardware. 
Transmission costs, too, should decrease lowered costs have been 
observed in both the PLATO and TICCIT projects where CAI (>rograms 

; are transmitted over television channels rather than the usual telephone 
lines. Perhaps the largest cost and the one least likely to be reduced 
with modem technology is the devielopment of instructipnal programs. 
The amount of time required to produce even a very short sequence is 
prohibitive. It is estimated that between 20 and iOO man-hours are 
required to produce one hour of tutorial CAI,*^^ ' 

2. There is still an acute shortage of hi|^ quality CAI course material. In 
fact, the programs that do exist geneMly cannot be used on systems 
other than the type on which they were developed. The shortage is .also 
a result of a lack of ^professional and educational incentives^ a lack of 
established prodt^ction methods and procedures, and the vagueness* of 
market prospects once programs are completed. 

B. Teachers may resist CAI -if they see it as a threat to their jobs t>r to 
traditional teaching methods, or if it requireTconsid^able retraining. In 
order for CAI to be yridely accepted teachers musf find their new role 
attractive. ^ 
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4. The relitionihip between student and computer lacks personal, human 
quaUties such as the ability to listen to a stiident^s voice, to observe his 
bewilderment, or to sympathize with his problems* 
5: A number of educators are not convinced of the effectiveness of CMas 
an msthictional technique. As published reports on the effectivenesfjk 
present CAI systems become more widespread, this skepticism shblwi 
decrease* 

Some Braises of CAI ^ 

\ Computers make it possible to offer individualized instruction to a large 
number of students simultaneously. Consequently the student may 
work much more nearly at his own pace than in a regular classroom. 

2. Much of the^teacher^s routine classroom^ work such -as drilling, 
reviewing, and presenting straightforward material can be transferred to 
the computer. ^ 

3. Once an instructional program has been developed it can be used by 
many students and for many years* * • V 

4. Computers can continuously record and provide information on the 
achievement and t^^ogitess of any student proc^ing through a CAI 
course. . 

5. Smce each studwt works iiidividually, he feels free to make mist<Lkes 
without fear of public embarassment. i , 

6* Correcting mistakes and misconceptions immediately after a i^udent 

has made them reinforces and improves a student's learning process. 
7* The computer is impartial and consistent — it has i^o tavourites. It never 
becomes impatient with a stv^dent's lack of progress^^ 

Computer Managed Instrujction 

Many educators have been concerned that our school system is 
increasingly impersonal <and that instruction is decreasing in effectiveness. 
Thjpy attribute this to increasing class sizes, to teaching for ^averagt' students 
at the expense of those at either extreme^ and to a lack of conti^; between - 
teachers and students* One reason for this is^that teachers simply do not have 
enough time to handle . the clerical w&rk involved in classroom management . 
and at the same time plan individualized learning programs fbr their 
students. Many educators now look to the computer for assistance. The 
computer has long siiice proven ^td^ be excellent at clerical tasks such as 
collecting, storirig, retrieving, computing, and reporting. These functions find 
frequent use in gie educatidnal setting. The computer can help the teacher 
by storing test results, attendance, and permanent student records. It may 
also help him by analyzing the progress of each student and by continuously 
individualizinjjhis instructional materials and assignments* Those tJteks which 
the teacher can best do, such as introducing and discussing new concepts, 
explaining subtle points, and responding to student questions, he should 

ERIC ^ 53 



continue, to do# The routine clerical tasks which tiie computer can1t>eiit do, .it 
should be required to do. Thus» in no way can the computer be thou^t of as 
replacing the teacher — it is simply a tool whiqh dlows the teacher to spend 
more time with individual students. ^ - ^ - ' 

in CAI actual course materials were stored ift the' computer and the 
student interacted directly with the computer. In confarasti.in a'Compi/it«r 
Managed Jnstructidfi system (abbreviated to CMI), the computer assists the 
teacher with all those activities which are involved in msuiaging instruction, 
but it does not ifc^ally do any teachiiiig itself/ The computet ^bisically 
performs 'two functions in a CMt system t- it monitors the student^s 
indlviduai progress; it assists in planning his individualized program. Cooley 
and tilaser describe the goal of a CMI system IBIS fbUows: . ^ 

. The primary function of th^ computer in a CMI system iTto make ' 
{>o$^ible more cgmplicated decision process than wo^d be 
possible, without' the compute^ and' to dp this on a continuoiu; 
basii^v ^u^i^tion cannot be justified if the^compiiter is usedv 
, simply <tp keep records. Clerks tenif to be Chester record keepers , ^ . 
; ^ ^han Computers* Ih an individualized system, the teacher 
- cohtinupusly needs ^ infonj^ition and iissistjjBince in paking 

\ instructional decisions.36 ^ > 

V.-.. ^ V . - : . . .. - \ • , • / : t ' \ . 

There are typically four activities which may be. managed; by a CMI 
system. These are test scorings diagnosing, prescribing, and reporting* Let lis 
look kt how a CMI syistein handles thi^ processes. ^ 

Each cojurse under computer management is divided into segments or* 
instructional units. At the beginnings o£ each Unit,, the student is gjyen a 
pre-test yrhich may be administered by either the t^adhier or the computer. 
In some CMI systems, a collection of test questions |nay be storecl ip the^ 
computer. The.teacljier ibiay then compose his own tests from this cdllectfOn 
and even ^aye the computer print out enough copies for each of his students. 
If the tests are to be parked by the computer, the student's answers should 
be eitbcilr on OM$t. (optical mark reader) cajrds, or on sp^isd answer sh^ts 
which can be processed by the computer. The purpose of Ijie pre-test is to 
determine the student^s initial status wd direct hini to a specific, learnings 
teskc^'Th'e computei^^^ m^ assign learning tasks ^Automatically by examining.' 
,test scores (this process is called prescription^, ot^if full automation is not 
desired, the jcomputer can supply ttte test ^results in the form of a printed 
report to the teacher fdw^oiw^, In'ihis case, the repori;; would become oiily^ 
one of a number of sourpe^^.used by the teachW to' jprescribeieaj^^ tasks ' 
fbr the student; In the end, actuad subject materia may be pBesenteMi through 
* r^ular classro6in instaiction, reading assignments, programmed texts, taped 
^lectures or ^en CAI' programs/ ■ • ' ^ ; i ^/ 

Thrqu^out the^ unit the stud^At may be requited to umici^diagriOBtic 'or 
progress ^ieisi^ to determine whether He is progressing>sa|is£acto^^ These 
again Qpuld be ptPcessed ^^W'thp^^mputer. When a^mudeht has completed - 
the assigned task£r, he taj^eis^^ post-test cov^ri|ig the^nit. If/he fails to reach 
\acceptal}le*perfonnarM^ he.may be assigned rem(§dial mat^al. 



-^ter, the, completion of each teist, the teacher would receive several 
^ reporis. One mi^t Ifst the name of each student, the unit of instruction, the 
. abjective, and the score for each objectiye in the junit. With this information, 
^ the teacher <jan ^dy the pattpm erf accompHshinent of each of his students 
and determine which ^f them require additional help. Another report might 
. indicate h^^w. mafiy stiidehts ai^ ^achieving satisfactorily in each pf^the 
; .abjfeqtives for; the lanit. The teacher can use* this information to detect 
common strengths- fmd wealmessesiin.hfe and adjust ,4he ipstruction 
- accordingly. The teacher .mi^t/ also request statistical infbrmation such as* 
percentage $c6res, means, median^, modes, distribution, grade point averages', 
and percentile ranks to be calculated and printed out by the computer. 
. The basic pattern of pre-test, diagnosis, prescription, post-test and 
^ ,rej)orting woj^ld be repeated tor each unit in the course. 

V Mo&t CMI systems^'? are similar, to what we have described above. Some 
, do not have all qf thfe above-mentibned; features; others havet, incorporated 
^additional capabilitiei^: Besides providing the^ basic CMI services described 
above,. Project PLAN (Program fpr Learning ip Accordance with'Needs) of 
; the WestingHouse Leaning Corporaticto plans a study program for each 
' \ student and also jprowdesi career guidance. 'CAT is' being incorporated as a 
. / method M inslxyction at the University of ^Pittsburgh by IPX/MIS 
(Individi^ly Prescribed Instruction/Management Information System). 
AIMS (Automated Instructional Management System), developed at the New 
York Institute of TecShnology, includes evaluation of student progress, 
prescription, and empiricj^ validation and optimization q'f instruction. At the 
* , University .of Alberta in Edmonton a CMI system known as TAIM 
(Teacher-Authored-Instrucfion Manner) 38 isJua-Qperation. TAIM stores 
' ^,t*eacher-prep4red lessons, tests, and decision algoi^ms; rejtrieVes Specific 
' l^sgns and tests for individual students according to their needs; 
automatically .scores multiple choice and numerical answer tests; permits 
rapid retrieval' of specific information such a& test scenes; and alloWs easy 
^ inodificatjons^of lessons, tests^ and decision algorithms. • , \ 
CMI is gaining in popularity for a number of reasons. The cost of a CMI 
^ system is low; compared to a C^ sytem, since, CMI requires only batch 
procesrfng. ^The' student n^^ not be on-line to the compute'r! Immediate 
^r^sponse is not essential in a CMI system as long as results are obtained 
* vtrithin dvfew hours after the data is si^l^mitted. Compared to CAI, CMIdoes ' 
not reqtiWmuch computer storage ^hice lessons are generally not stored in 
the compBter. In ,a CMI system, the^Qomputer acts as" a servant to the, 
teacher, performing chores wjiicb the tdacher does not have time to do. With 
this tyj>e of assistaAce, the teacher has more time to work, personally with his 
studei^s. ^ , . ' 

1 , • * Guidance Infoniiation Systems • ' 

Because the computer is enable of storing and quifckly retrieving vast 
quantities bf dataVit can be used by the guidance counsellor tp great 
-=>N^advaAtageMt is especially helpful in the ar>a of career guidance, where the 
counsellor would^ lik'e to have information on thousands of careers and 
post-secondary educational institutions at his fingertips. A number of career 



guidance system$ are now in j^paration) notably CVJS (Conijputerized 
Vocafional Information System; in Illinois^ Project PLAN in pjlifornia, 
ECES (Educational and Career Exploration System) in Michigan^^^ and 
SGIS (Student Guidance Information Service) in Ontkio.^^ 
, . Thq jsimplest computerized guidance ii^ormation systems require that 
students send their requests and personal data to a computer centre remote 
from the school. The student could request a list of colleges^ occupations, 
information on financial aid* The list would be selected by the computer ojn 
the basis of student-supplied infolrmation such as his preferences, grades^ 
financial situation, a^d so on* Requests horn many students are processed in 
a batch and results are.usually returned by mail to the studenVr There can be 
a considerable delay firon^ the tiipe the student submits his request to when 
he receives his reply. ' ^ 

Let* us look at Ontario^s SGIS which haa only been in operation since 

, February, 1972v At present, some 65,o6o students in 75 Ontario secondary 
schools are using the SGIS. service. The s>^stem presently contains 
information' on 7,000 occupations and 200 educational institutions; There 

y are- four- areas 'in which students may receive information: careers,- 
educational institutions, career educational requirements, courses and 
programs. Each student is initially given a master list of institutions and 
careers, and a supply of OMR (optical piiark reader) cards. Students encode 
on these cards their specific requests and the cards are ^nt away to be 
processed. The ^information generated by the computer consists of a 
^ description of Careers or institutions sdected by the computer oh the basis 
of the student's reqt^sts. Since the informatfon is processed off-line, the 
student must wait from 3 to 6 days for his Output. 

This type of system has at leaiSit two drawbacks. One is the time delay 
involved. The other is the rigidity of the ^stem. The student is not able to 
interact with the computer, change his mind, alter the course of the output 
.without submittihg a new OMR card. If a student is undecided as to the 
career he should pursue or the institution he should attend, he needs a more 
flexible system at his disposal — one \^hich allows students to communicate 
via^interactiye terminals with the computer. Suon a system is being piloted in 
several schqols in the province of Ontario in/l973. The student enters his 
requests using a CRT terminal. He can activ^y controljihe presentation of 

/ information during his session at the terminal* 

Neither of the above systems stores information about the student, 
either personalized data or previous interaction with the system, for future 
reference. Some systems possess this additional feature^ They maximize the ^ 
computer's ability to relate a student's grades, interests, and abilities to his 
exploration- of vocational and educational opportunities. The system may be 
designed to point put discrepancies in the student^s planning, to review-the 
student's record with him, and to review his last use of the system. Let us 
look at part of a sample dialogue from Project CVIS^l at Willowbrook High 
School in Villa Park, Illinois which'illuWates many of these features: 

COMPUTER: Hi, Bill Brown. That is your name, isn't it? ^ 
STUDENT: tes. . ; / . 
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COMPUTER: The last time you were here, you were exploring . 

occupations in the categoiy of science that require 
. , community college training. What would you like 

^ ; to do today? Your wish is my command. ' 

1. Continue, exploration of this list of occupations. 

2. Make new decisions albout training. 

3. Make new decisiohs about area of interest. 

STtlDlENT: 3. * . . 

COMPUTER:., Please choose one of the following (displays list of 
^ eight categories of interest). 

" STUDENT: Technology. 

COMPUTER: You showed significant interest in this field on the 
last interest inventory you took. 

A computerized guidance system can never replace the guidance 
, counsellor The counsellor is still needed to discuss individual decisions with 
students. The computer helps wi& the information-collecting and sortinc 
stage previous" to.actual career decision making "b m wi^j 

. , : I . - ■ - ■ 

Conclusion • 

The intent of this report has been to make it possible for educators to 
itfam more about how computers can be used in education. ' 

The firet part - How Computer? Work - showed that despite its 
complex technology the computer is based on simple principles. Two main 
wtejs of Computer use were then described - administrative and 
instructional. Most.admmistrative applications of electronic data processine 
chiractehstical y use the computer to greatly reduce routine clerical tasks 
and increase the efficiency Of operations. The sophisticated management 
information system helps school administrators in aU phases of plannLg and 
decision making. . ^ 

. Instructional uses of computers have progressed beyond the 
expenmenta^ stage.^, Computer problem solving and simulation are now 
yreli-estabhshed. m 'thbusands of Nbrtii American schools and colleges 
qomputer-assisted .instep has been shown to „ be^^ a g6od way of 
mdmdualizmg learning. Factors whkh inhibit its widespreki acceptance are 
not so much technological as psychological and economic. 

As computers become smaUer, more powerful, and less expensive, they 
w^l play an increasingly important role in education. A p6pulation of • 
teachers and administrators who are well-informed about computers is the 
educa^OT^*'^ .*hat comi^uters will be used , efficiently and effectively in 

^ This report 'is commended to aU those who seek to learn about 
Computers in Education. 
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Glossary • 
* \ ' ■ ' i 

access time — the time needed to locate and retrieve data from a computer 
memory device. ' ' 

accumulator — a special location in the arithmetic/logic unit used for 
arithmetic operations. 

address — a unique label or number used to denote a particular word in a 
computer's memory. > / 

algorithm — a step-Jby-step procedure for finding the solu^on to a problem- 
* APL — A jProgramming Li^guage ^ an interactive programnung language 
^ used forproblem solving — developed by IBM Corp. 

ajfithmetic/logic unit — the part of a comntrtef which performs arithmetic 
and logical operations. ' » 

assembler — a program that^ translates assembly language programs into 
^* machine language. \ 

assembly language — a low ipvel computer language ymjch permits machine 
-^-^Ais^tructions to be wri A 

, audio) response imit — fin output device whjich constructs vocal responses 
from a pre-recorded vocabulary. \ 

authoring language — a special langiiage used for writing computer assisted 
instruction programs. ' " . 

* automatic data processmg — the use of electronic or mechanical devices to 
process data/ 

auxiliary storage — storage which is iiseji in addition to the main storage of a 
computer e^. magnetic tape, disk, or drumV 

BASIC Bc^ginner^s All-Purpose' Symbolic Instruction Code — an 
easily-learned interactive; |)ro^prammmg language which uses simple 
English commands. It was developed at Dartmouth College. 

batch processing — a technique i^i which a group of programs to be run are 
submitted together and processed automatically one aftdr another by' 
. the computer. . . \ 

binary digit — (bit) — either a 0 or a. 5^ digit inijie binary system. AH 
information inside the computer is represented in terms of b^ts. 

bug — a mistake in a Computer program; removed by "de-bugging*\ 

card reader — an input device which senses' coded information on cards andf 
stores it in the computer. :i 

.card punch,.— an output device which stores information on cards by 
puhchmg holes in them. 

cathode iraj/ tube (CRT) — a television-like screen or display often used as an 
^input/output device for a computer.' " . 

central processing unit (CPU) — the portion of th^ computer that interprets 
and carries out the instructions in the computer's memory. It consists 
of the arithmetic/logic unit, contipl unit, and main* Storage unit. 
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COBOL common Btwiness-Orientecl language k computer ilfenguage 
intended f6r business u$e. v / ' • 

coippiter ^ aVprdgtam which tran^lates^programs. writt^erf in a high leveV' 
language intq^ machiiie level language* ' ' 

computer y electronic device which" pibcesses information unde^ the 
conlroi of a stored j^roteram* ^ > ' , ' C ^ 

computel^assisteli mstruction'^ ^ ^method.^'bf usmg a cppiputer system to 
present individuaiized instructional material. . j . / w 

computer literacy a course whose aim to. provide all^ students withia 
general knoyrledge of the computer and its role in their lives. '^'^ V 



cdmputer Managed, instruction 7^ using the computer to assist the teach^ in . 
° ^ the manag^pftentof'iadiindualized ' > ^ 

coiiiputer science the ^dy of computers and their language;^. 

contror^miit — the portion of .the central processing unit which inte]ifprets^ : ^ 
* and'' executes the instructions in pro^^ controls th^ 

. - function of £dl other units in accordance with the instnictions. <^ . 

core storage'— the most common type, of main storage^; p represents 
' j information l^y ^means ^f tiny dbughnut-shaped cores of, magnetic ' - 
> ■ -material. • ^ ' ^ "^'^ ' ' " . ' v . / ■ 

data ; preparation — the ^ process of convertmg information^' from 
■ ' human-readable fonn to machine readable form. ^ > ; • . - 

data processing — ^ ' , • » 

ol:. tjie manipulation of ^ data according to precise rules of 

procedure to pjcoduce mformation. ^ 
2. the ^dy of the use of computer^ in business. ^ 

debug^g — the process of^ locating and coirecting mistakes in a"^ computer" 
program. 

dialogue system . th^ most sophisticated type of computer-assisted 

instruction. It^permits the ^tiident and the computer to cariy on an ^ 
« extensive dialogue about the subject matter. 

' direct access — a storage jhethpd in which ac^e§s Jo the next position ^om 
whidi informatior^is to be pbtedned is in no wky dependent on the 
V position froitt whibninformation was previously'obtain , 

" documentation — a set of notes accompanying 'a computer pro-am which . 
describe its purpose, details of the algorithm used, samples of the input 
, and output, anji complete instructions on the use of the program. , " ^ 

drill and practice system least » complex form "of computef-assisted 
instruction* It is use^ to drill^^md 'review students on previously taught 
\, matei^al. • • ' . I • V 

electxlbnic data processmg — EDP — data processing carried out by ^ " . 
computer, especially in the area of business. V ' 
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♦eafecution phiie - lecond phase in nmning a program^ during which the 
mchine language initructiont m executed 'pne at a time by the 
computer.' , • - " 

flowchart graphicaa repiesentation of the steps iwsed to solve a problem* 
The preparation of a flowchart is usually the firsi step in writing a 
computer program. , ' 

FORTRAN — ■ ^OR mula TRAN slation — a programming language designed 
primarily for scientific and mathematical uses. 

hardware the physical equipment and electronic circuitiy making up a 
i:;omputer* ^ > ' 

hi|^ level language — a computet language with a well defined grammar^ 
vocabulary, and punctuation which is convenient to use in writing 
• programs. It must first be translated into macKihe linguage by a 
Program called a compiler before it can be ex^uted by the computer. 
Each statement in the hMi level iMguage.is expanded into several 

machine level instructions!!^ r ; " 

, _ . . . ■* , , • ■ 

mput — transfer of information from an external medium such aa paper, 
^ cards, or tape into the main storage /of the computer. 

integrated data base — tl^e complete set of computerized files used by a 
management infonhation system. Cross references are esiablished 
between all these files to minimize duplication and facilitate retrieval of' 
infonnation. \ 

keypunch — a m^hine which encodes information on cards by pimching 
holes in them^ ' * *0 

light pen a photo-electric pen used for pointing at or drawing on a CRT 
display. - / : ' , ; 

Iine.printer ^ device which prints ])compu#r output on standard computer 
paper. . - ' , ' * * ^ 

low levellanguage — either a machine language or assembly language, 
machine language -~ set of numeric instructions^ which can be directly 

inteipreted by l^he circuitry of the computer, 
magnetic disk — a disk coated with magnetic material uppn^ which 
information m*y be stored as a series of ma^etized spots; can use 
t direct or ^sequential access. W ' 

magnetic drum — a cylinder coated with magnetic material upon which 
^nforma^io may be stored as a series of magnetized spots; can use' 
direct or sequential access. 

magnetic tape ^ tape coated with magnetic material upon which 
information may be stored as a series of magnetized spots; uses 
sequential access only. J 

i^ain storage the part of the central processing unit where program 
instructions and data a;re stored. 



management infonn^tion system >- a computerized system for •providing 
. nianagement with adequate,^ acciirat'e, and timely information for 
dedsion making. / 

master file — a file of information which changes relatively, infrequently, 

memory — see storage/ ^ ^ / ' ^ ' ' ' 

* microsecond — one millionth of a second. , 

millisecond ~- one itooussufidtb of a second. 

mnemonic an abl)reviation or letter combination that is easy to remember, 
used in assembly language programming. 

nanosecond T one billionth of a second, r 

♦• , ' » ■ . , 

object program — the machine language piy^gram produced by a compiler 

from the original source program in a h^ level laiijguage^. 
ofMihe — not under the control of the central processing unit- 

OME card —'(optical mark reader card) a special iype of card upon which 
* information can be encoded as pencil marks instead of punched holes. 
It can be read by a modified card reader/ 

. on-line — under ihe direct control pf the central processing unit. ' ' 
operand — thi^ part of a machine languc^e instruction which specifies a 
location irL main storage to be used in the operation. 

pperation code*— the part of a machine language instruction specifying 
which operation is to be performed/ V 

output ^ transfer of information from the main storage of the computer to 
an external medium such as paper or a CRT display . 

PL/1 "~ Programming Language One — a programming language suited td 
both scientific and business applications. 

program — a sequence of instructions which directs a computer to solve a 
particular -type of problem. 

random access — see direct access. - 

read — to accept or copy information from an input device into a computer, 
read/write head — a small electromagnetic unit used for reading/ recording/ 

or erasing magnetised spots on a magnetic tdpe, disk, or drum: 

■ - • ■■ '-^t ' - ■ 

" record ^agroup of related datar items. 

remote device — an input/output unit or other piece of equipment which is 
removed from the computer centre but connected by a communication 
line* > ^ ^ > 

sequehtial access — a storage method in which the stored items of 
infomiation become ^available only in a one after the other sequence 
whether or not Jill the information or only some of it is desired. 

simulation — the use of a mathematical inddel to ex;plore the characteristics 
of a real-world phenomenonc. / , ^ 
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sof twiB^e — the collection of programs s^ch as compilers, tssemblen!, etc., • 
' supplied by; the manufacturer to make the computer function * 
efi{^tively; as opposed to hardware. ^ ^ 

^urce program — a program written in other than machine language which 
miist be translated by the computer into machine language before use. 

Sw^ge ~ the part of the computed into whichr information can be copied, 
which will hold this information, and from which the information can 
. T5e obtained for use at a later time. 

ten^nal — a device by which data may^ enter or leave th6^ computer system, 
eg. typewriter tenninal,'CRT terminal. ' * 

time sharing — a technique by which a computer can service many users 
simultaneously.. The users' terminals can be located at any distance 
from the computer. V 

time slice — the small amount of time given eiwh jiser's program in turn in a 
timesharing system. 

transaction file — 43ransactions accumulated as a batch ready for processing 
against the master file. ■ ' 

translation phase — first phase of nmning a program during which the 
^tements in the high level languag€i are translated into machine 
*^ language. - 

A II-. ° 

translator — a program ji^icH translates"" instructions from the programming 
language in which they are written into a inachine level language which 
can be interpreted directly by , the computer. Two ctosses of translators 
are assemblers and compilers. 

tutorial ^stem— the type of computer-assisted instruction where the 
computer assumes primary responsibility for teachings new materia^. 

word — a set of bits which occupies one storage location and is manipulated 
as a unit by the computer. ^ ♦ 

write to copy information from a computer to an output device. 
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